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The abstract nature of the atomic structure, the rigidity of science classrooms and the 
application of mathematics in science classrooms are some of the factors that make it 
difficult for learners to learn atomic structure. In order to make these abstract concepts 
more concrete for learners, teaching and assessment methods may have to be 
diversified. Digital games such as Minecraft can be used as tools of transferring 
knowledge when dealing with abstract concepts. This study investigated the 
affordances of using Minecraft as a learning tool as well as the experiences of grade 
eight learners from a South African private school in using Minecraft as an educational 
tool for learning the atomic structure. Learners were selected based on their familiarity 
with game mechanics. Data was obtained through focus group interviews and 
observations. 
The study revealed that some of the difficulties that make atomic structure difficult for 
learners may be alleviated by using Minecraft as a learning tool. Minecraft offered a 
better learning experience for the learners and made it easier to understand atomic 
structure and related concepts. Minecraft can be an effective learning tool in teaching 
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OVERVIEW OF THE STUDY 
1.1 Introduction  
This chapter presents an overview of the study, background to the research problem 
and the problem statement. It will also outline the research questions and research 
design appropriate for this study. 
 
1.2 Background  
Atomic structure and related concepts such as the periodic table are taught under the 
strand matter and materials, as prescribed in the Curriculum and Policy Statement 
(CAPS) (DBE, 2011). Atomic concepts are introduced in grade 8 Natural Sciences as 
prescribed in the CAPS. The abstract nature of the atomic structure makes it difficult 
for most learners to understand atomic concepts since most learners in grade 8 are 
moving from the concrete operational stage to the formal operational stage (Piaget, 
1962). Misconceptions about science and the atomic structure may develop at early 
stages of learners’ education based on how they were taught in previous grades 
(Driver & Easley, 1978). Some learners struggle with science language and speech 
complexity used by educators which makes them ‘see’ science as difficult (Millar, 
1991). This means learners are learning a new language while learning a new concept 
(Probyn, 2006). The application of mathematics when learning the atomic structure 
may put learners who have numerical challenges at a disadvantage. The teaching 
strategies used to teach in previous grades can cause resistance to new learning and 
assessment methods in grade eight (Salame et al., 2011). Other factors include 
stereotypes about learning science (Semeon, 2014) and lack of interest and attention 
(Von-Rhöneck, Grob, Schnaitmann, & Völker, 2007). A study conducted by Rohandi 
(2017), indicates that most learners find science difficult due to the uninteresting 
activities and due to their perceptions of the difficulty of science concepts. Iwuanyanwu 
(2019:2) argues that “traditional pedagogical practice can no longer manage the speed 
of today’s learners’ life world. Modern science is becoming more sophisticated. 
However, pairing this change with new teaching and learning practices of science is 
essential to realise its potential.” 
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Since the world is rapidly changing and becoming more digitalised, technology has 
become an integral part of the new generation of leaners. Digital gaming specifically; 
has become highly accessible to learners from an early age (Farber, 2015) therefore, 
this gives teachers an opportunity to use such digital skills in the classroom. Video 
games (learning through play) have gained popularity in first-world countries and the 
educational sector since their potential use gives an opportunity for all learners to 
succeed academically (Mayo, 2007). Piaget (1962) and Vygotsky (1978) demonstrate 
that ‘play’ is integral to a child’s development. Piaget’s theory of constructivism 
demonstrates the importance of “learning by doing” or active participation (Nebel, 
Schneider & Rey, 2016).  
A study conducted by Pusey and Pusey (2015) reported an increase in student 
engagement and motivation when using the video game Minecraft in science 
classrooms. This gives an opportunity for grade 8 teachers to use such a tool in 
science classrooms, since grade 8 is the foundation for the further education and 
training (FET) phase and can encourage learners to take science as a field of study.  
 
1.3 Aim of the study 
 
This study aims to examine how Minecraft can be used in learning atomic structure in 
grade 8 Natural Sciences. This investigation is made in order find out how Minecraft 
can make atomic structure more concrete in grade 8 Natural Sciences.  
The study will address the following research questions:  
 
1. What are some of the difficulties faced by learners when learning atomic 
structure using traditional methods?  
2. What are the affordances of Minecraft in learning atomic structure in grade 8 
Natural Sciences? 
3. What are learners' experiences, including challenges if any, when using 




Research question (RQ) one and two will be addressed in chapter 2, while research 
question 3 and other parts of research question 2 will be addressed in chapter 4.  
 
1.4 Research methodology 
1.4.1 Nature of the study 
A qualitative research approach will be employed for this study in order to examine 
how Minecraft can be used in learning atomic structure in grade 8 Natural Sciences 
and to understand how Minecraft can make abstract concepts more concrete based 
on a grade 8 learner’s experience. The reason for choosing a qualitative inquiry 
approach, is that it affords the understanding of situations in their uniqueness (Patton, 
1985). An interpretivist paradigm will be the lens through which the study is viewed. 
The pedagogy employed during intervention will be underpinned by social 
constructivist and radical constructivist learning theories since a social and informal 
platform (Minecraft), will be used as a tool in learning. A teacher guided, learner-
centred pedagogy, which is associated with constructivism will be used during 
intervention. 
1.4.2 Research context 
The study will be conducted at a South African private school that uses the CAPS. The 
school currently has 125 grade 8 learners (divided into four classes), who have internet 
access and most learners are regular players of Minecraft and have access and the 
means to digital games. The school also has a well-equipped computer lab which will 
make it feasible to conduct the study.  
1.4.3 Participants 
Learners and the school of choice will be selected partly because of convenience, but 
selection will mainly be in relation to the objectives of the study. Purposeful sampling, 
which is time and cost efficient will be used in this study when selecting participants. 
Purposeful sampling involves selecting individuals that are knowledgeable or 
experienced with the topic of interest (Creswell & Plano Clark, 2011).  
Grade 8 learners who are between the ages of 12 and 14 will be selected for this 
study. A total of ten learners will be selected in the grade based on their experience 
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or knowledge of Minecraft. The ten learners will be split into four groups, based on 
their familiarity and unfamiliarity with game mechanics, in order to determine whether 
familiarity with the game has added learning benefits. 
1.4.4 Data-collection methods/instruments 
Data from qualitative studies is said to be richly descriptive and non-numerical 
(Maxfield & Babbie, 2014). Since we cannot tell what is happening in a person’s mind, 
interviews can be useful tools of understanding different perspectives. Patton 
(2015:426) explains:  
“We interview people to find out from them those things we cannot directly 
observe…we cannot observe feelings, thoughts and intentions or situations that 
preclude the presence of an observer. We cannot observe how people have 
organized the world and meanings they attach about what goes on in the 
world…we have to ask people questions about things”. 
This study will use focus group interviews and observations to collect data. Focus 
group interviews, where learners are separated into two groups (learners who are 
familiar with Minecraft and those who are not) will be used to understand learner 
experiences about using Minecraft as a tool in learning atomic structure. Learners will 
also be observed using an observation protocol in order to see how they interact with 
the game as well as determine if certain obstructs are achieved. It will be observed 
whether the game also encourages cooperative learning and inquiry-based learning 
based on interactions with peers during the intervention.   
1.4.5 Design interventions 
Minecraft Edu, which is an educational version of Minecraft specifically designed for 
classroom use will be used for the study. The game was developed by MojangAB and 
Xbox game studios and released in November 2016 (Gamepedia.com). 
Grade 8 learners will download the virtual world on Minecraft Edu, that is based on the 
atomic structure and related concepts such as the periodic table. Learners will have 
to achieve certain objectives and will be interviewed to relay their experiences on using 
the game for learning the atomic structure to determine if this digital game can make 
atomic concepts more concrete for learners. 
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1.4.6 Data analysis 
Data analysis is a process that involves inspecting data with the goal of discovering 
useful information or forming conclusions (Xia & Gong, 2015). The analysis involves 
taking raw data and converting it into useful information (Judd & McCleland, 1989). A 
constant comparative method of analysis will be used to analyse raw data. Merriam 
and Tisdell (2016:32) describe the constant comparative method as “comparing one 
segment of data with another to determine similarities and differences, where data is 
grouped together on a similar dimension…the dimension is given a name and 
becomes a category.” Figure 1.1 below, gives an overview of the data-collection 
method and analysis, which includes conducting focus group interviews, transcribing 
interviews, and categorising data collected from interviews and observations. 
 
Figure 1.1: Steps that will be followed when analysing data 
1.4.7 Reliability, validity and trustworthiness 
Trustworthiness is used to establish that the research study’s findings are credible, 
transferable, confirmable and dependable (Gunawan, 2015). Trustworthiness will be 
ensured by using methodological triangulation to increase the credibility of the findings 
(Merriam & Tisdell, 2016). This involves using multiple ways of collecting data such as 
interviews and observations (Patton, 2015). An audit trail will be used in describing in 
detail how data was selected, how categories were derived and how decisions were 
made (Richards & Hemphil, 2017). 
Analyse field notes and observation 
protocol to examine which constructs 
were achieved by the learners
Analyse interview data using the 
constant comparative method
Classify categories as per research 
objectives and research framework
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1.4.8 Ethical considerations 
Patton (2015) links the trustworthiness of a study to the people that collect and analyse 
data. It is important for a study to be conducted with integrity and in an ethical manner. 
Since the study will be conducted at an educational institution, permission will be 
requested to contact the learners and the parents from the school. The participants of 
the study are minors, therefore details of the study will be clearly explained and 
consent will be requested from both parents and learners. Ethical clearance will also 
be requested form the institution (The University of Johannesburg) before interacting 
with learners. The methodology will be followed as stipulated in this document. 
 
1.5 Summary  
Atomic structure which is introduced in grade 8 Natural Sciences can be difficult to 
understand for learners who are used to having concrete objects that aid in learning. 
The atomic concept may be too abstract for grade 8 learners to grasp. The introduction 
of new scientific terms and the use of mathematics in a science classroom may be 
overwhelming for some learners. Since play can be used in informal learning contexts, 
perhaps Minecraft can be a useful tool in making abstract concepts (specifically atomic 
structure) more concrete to grade eight learners. A qualitative study including learners 
who are extensive players and those who are not will be conducted to investigate 
whether Minecraft can be used as a learning tool by grade 8 Natural Sciences learners. 
The study will follow a constructivist approach during the intervention, bearing in mind 
that learners already have knowledge of video games and their use. A teacher-guided, 
learner-centred pedagogy, which is the main tenet associated with radical and social 
constructivism will be employed since learners will oversee their learning. The next 







LITERATURE REVIEW AND THEORETICAL FRAMEWORK 
2.1 Introduction 
The previous chapter gave the background of the research problem, research 
questions and the methodology to be undertaken in this study. The problem this study 
aims to address, is the abstract nature of atomic structure in grade 8 Natural Sciences. 
Unfortunately, there is little research on how Minecraft can be used in learning atomic 
structure and related concepts in grade 8 Natural Sciences specifically. This study will 
explore how Minecraft can make abstract concepts more concrete for grade 8 
learners. A qualitative approach will be employed in order to answer the following 
research questions:  
1. What are some of the difficulties faced by learners when learning atomic structure 
using traditional methods?  
2. What are the affordances of Minecraft in learning atomic structure in grade 8 Natural 
Sciences? 
3. What are learners' experiences, including challenges if any, when using Minecraft to 
learn the atomic structure in grade 8 Natural Sciences?   
This chapter will address research question 1 and research question 2. The theoretical 
framework is made up different components, namely, digital game-based learning, the 
CAPS and various learning theories related to radical and social constructivism. The 
crucial component of the framework is digital game-based learning, which incorporates 
aspects of gamification since Minecraft (a digital game) will be used as a tool in 
learning the atomic structure. Other components related to learning that underpin this 
study include the CAPS, which serves as a guideline for prescribed content and 
assessment in Natural Sciences. The components of the framework also include 
relevant learning theories and pedagogies in science education which will help us 
better understand how learners retain, absorb and process abstract learning content 
(information). An intervention using Minecraft will be aligned with the above-mentioned 
aspects/components. The learning theories that will guide the intervention are social 




This chapter is divided into seven sections; firstly, an overview of the problem 
statement, the theoretical framework as well as different components of the theoretical 
framework is given (2.1). The second section reviews different literature in order to 
better understand problems in science education which can make scientific concepts 
too abstract for learners. Policy and curriculum changes in SA are explored and the 
current curriculum policy used at the school where research will be conducted is 
explained in detail (2.3). A deliberation of atomic structure and concepts that the 
learners are expected to learn and understand takes place (2.4). The fifth section uses 
information from the CAPS to explain the prescribed way in which science should be 
learned and taught according to the CAPS. Section 2.6 explores the affordances of 
Minecraft both in and out of science classrooms. The last section will summarise the 
chapter (2.7). 
 
2.2 Problems in science education 
In South Africa, approximately 52% of learners who enter the schooling system make 
it to grade 12 and the number of those who write science-related subjects decreases 
every year (DBE, 2015). A study conducted by Semeon (2014) indicates that 
approximately 30% of grade 9 learners in South Africa take Physical Sciences in grade 
10 due to stereotypes that Physical Sciences is difficult and too abstract. The abstract 
nature of atomic structure not only affects learners, but teachers find it difficult to teach 
this topic (Mokiwa, 2016). The issue of the language of teaching and learning which is 
not the learners home language as well as the use of scientific language is said to be 
contributors to some of the misconceptions and difficulties faced by learners (Probyn, 
2006). Kempa (1991), indicates that communication skills and the complexity of 
teacher’s speech are factors which should be carefully examined when examining why 
learners struggle with science.  
According to the Natural Sciences CAPS, “the ability to read well is central to 
successful learning across the curriculum. Writing allows learners to construct and 
communicate thoughts and ideas coherently” (DBE, 2011:12). In the CAPS, science 
is defined as the “exploration of the unknown” (DBE, 2011:8). Based on this 
explanation, we can consider an abstract topic such as atomic structure as an 
‘unknown’ to learners and although most learners are curious about science, they are 
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considered incapable of understanding abstract and microscopic concepts such as the 
atomic structure (Haeusler & Donovan, 2020). Many countries look to science and 
scientists for solutions to contemporary issues but, with so many learners dropping 
science in South African high schools this may no longer be the case decades from 
now (Semeon, 2014). A learner’s interest in science is a significant factor in pursuing 
a career in science and is mostly developed in middle school (Venville, Rennie, 
Hanbury & Longnecker, 2013). 
 
Anderman, Sinatra and Gray (2012) indicate that learning about science requires the 
use of a variety of complex skills including cognitive, affective and motivational skills. 
Reasoning about complex problems requires one to weigh issues and arguments 
while considering different points of views. Teenagers generally have the capability to 
reason and think critically, but this ability needs facilitation through scaffolding (Dole & 
Sinatra, 1998). According to Slavin (1995), communication skills, whether verbal or 
oral are important in learning science. Millar (1991) indicates that the fact that science 
language is distanced from the learner’s home language may contribute to science 
being difficult for learners. This language difficulty can be fuelled by the complexity of 
the teacher’s speech when teaching science (Kempa, 1991).  
 
Oyoo (2015), indicates that language is important in effective and learning since 
language plays an important role in the formation and development of concepts. This 
statement is reiterated in the CAPS, which indicates that language is crucial in 
learning. Science classroom language may include words that mean one thing in 
everyday language but have a different meaning in science (Oyoo, 2015). We can 
conclude that even if a teacher provides a conducive environment to support critical 
scientific thinking and reasoning, learners may lack background knowledge (needed 
for assimilation) and communication skills to do this effectively. According to home 
schooling blogger mom Michelle Conaway, Minecraft improves reading 
comprehension, spelling and written communication since multiplayer options rely 
heavily on the chat section.   
 
According to Piaget (1962), children are expected to move from the concrete 
operational stage to the formal operational stage from 12 years onwards. This change 
in thinking cannot happen overnight and may even take a few years for some children. 
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This may be a problem in grade 8 science classrooms, were learners must move 
towards a more abstract way of thinking. Learners may want physical proof (see and 
feel) to believe that an atom exists (Johnstone, 1991). The concept of an atom or 
compound does not include the use of one’s senses, which makes the conceptual 
process difficult for some learners (Johnstone, 1991).  Most concepts relating to the 
atomic structure exist only in the mind and Johnstone also mentions that thinking about 
such factors requires a lot of conceptualization that may be beyond some of learner’s 
capabilities hence teacher may need to employ other methods to make concepts more 
concrete. 
 
2.3 Policy and curriculum changes in South Africa  
2.3.1 Orientation 
In 1994, South Africa became a democratic country and many changes were 
implemented in the country’s social, political, economic and educational landscape; 
with education being made a priority (Krishna, 2013). This resulted in the various 
curriculum changes which were meant to eradicate social and economic inequalities 
as well as to eradicate problematic conditions in the educational sector (Armstrong, 
1999). Curriculum 2005 (outcome-based) was implemented to level the field and was 
later revised to form the National Curriculum Statement (NCS). The Curriculum and 
Assessment Policy Statement (CAPS) was then introduced as a revised design of the 
NCS to improve the quality of teaching and learning in South Africa. This study will 
use the CAPS document as a guideline as it is the existing policy in state schools, and 
it is the curriculum that the private school follows at which the research will be 
conducted. 
2.3.2 Curriculum changes in the South African schooling system 
It is important to note that Outcomes-based education (OBE) is a pedagogy (method 
and practice of teaching) and not curriculum (taught content) (Ankiewicz, 2020). This 
pedagogy is the commonality among the three curriculum changes that were 
implemented after 1994. Outcomes-based education is an educational framework 
based on outcomes, which are defined as clear learning results that learners need to 
display at the end of a learning experience (Spady, 1994). The teacher facilitates 
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learning by using various teaching styles and assessment methods to ensure that 
learners attain the stipulated outcomes (Spady, 1994). The two main purposes of OBE 
were to equip all learners with the knowledge, skills and competence needed after 
exiting the schooling system and ensuring that learning outcomes are maximised for 
all learners. In order to achieve this, schools would have to equip all learners with the 
competence and qualities needed to face challenges outside of the schooling context. 
The three premises of OBE as given by Whitaker and Whitaker (1995:245) are: 
• “All students can learn and succeed, but not on the same day or in the 
same way.” 
• “Successful learning promotes even more successful thinking.” 
• “Schools control the conditions that directly affect successful school 
learning.” 
 
Clearly schools should not follow a one size fits all approach with learners, but learning 
should be customised. We will look at how some of the elements of OBE were a 
constant with the different changes in curriculum. 
 
Curriculum 2005 (C2005) is the vehicle through which OBE was introduced into the 
schooling system. It was introduced in 1998 and was expected to be fully implemented 
across all grades by the year 2005 (Ankiewicz, 2020). The three distinct features of 
C2005 are given as: (1) a curriculum characterised by outcomes, (2) the integration of 
knowledge and (3) a learner-centred teaching and learning strategy (Ramrathan, 
2015). Due to the lack of resources, overcrowded classrooms and insufficient teacher 
training, C2005 was amended and NCS was introduced in the general education and 
training (GET) phase in 2002 (Ankiewicz, 2020).  
 
The NCS had fewer outcomes and assessment criteria than C2005 and was aimed at 
improving teacher training. Unfortunately, the NCS was less prescriptive than CAPS, 
therefore; teachers could collaborate and decide which outcomes, assessments and 
content needed to be taught (Ramrathan, 2015). This meant the pacing and order of 
taught content were left at the hands of teachers, which led to different interpretations 
about the specific time to be spent on each topic and the order in which the content 
should be taught (Engelbrecht, 2016). Due to “lack of implementation, overburdening 
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of teachers with administration, different interpretations of curriculum requirements 
and underperformance by students” (Ankiewicz, 2020:26), the NCS was amended and 
CAPS was implemented. The curriculum and assessment policy (which is the current 
curriculum used in South African schools) is far more prescriptive and thus leaves little 
room for misinterpretation. The introduction of CAPS meant a change in the curriculum 
only while keeping the same pedagogy.  
 
Figure 2.1 below, gives an overview in the form of a timeline of curriculum changes in 
the South African schooling system. In the figure the different curricula are given in 
different colours and the number of years of implementation are indicated. The first 
part (blue) represents C2005, which is the first curriculum implemented after 1994. 
The light green part represents RNCS, which had reduced outcomes and was aimed 
at improving teacher training. The orange part represents NCS, which is a revision of 
RNCS aimed at enhancing assessment practices. The current curriculum (CAPS) 
which was implemented in 2012 is given in dark green.  
 
 
Figure 2.1: Curriculum implementation and changes in South African schools 
2.3.3 Curriculum practices in public vs private schools 
South African public schools follow guidelines and content set out by the Department 
of Basic Education (DBE) and follow the CAPS currently as prescribed by the DBE. 
Private schools in South Africa operate under the Independent Schools Association of 
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Southern Africa (ISASA). Private schools may use the CAPS, Independent 
Examinations Board (IEB) curriculum or Cambridge curriculum. The school where 
research was conducted has different branches with different fee structures. The type 
of curriculum and class size depend on the fee structure and accessibility. The four 
types are briefly explained below. The more expensive (executive) branches follow the 
Independent Examinations Board (IEB) curriculum and have small class sizes. The 
select branches follow both the CAPS and the IEB curriculum and the maximum 
number of learners in each class is 25. The school where the research was conducted 
is an academy and follows the CAPS. The maximum number of learners in each class 
is 35. Meridians follow the CAPS, are normally found in townships and have large 
class sizes. Most learners who attend academies and meridians come from public 
schools, therefore the CAPS allows for faster adjustment, especially when learners 
join in the middle of the year (section 2.3.3, p. 14). 
2.3.4 An overview of the senior phase Natural Sciences CAPS  
The South African schooling system has four phases classified according to grades 
as given below: 
• Grades 1 to 3: foundation phase 
• Grades 4 to 6: intermediate phase 
• Grades 7 to 9: senior phase   
• Grades 10 to 12: further education and training phase.  
 
The Curriculum Assessment and Policy Statement (CAPS) is a policy document which 
gives teaching and assessment guidelines for each subject. One of the general aims 
of the South African curriculum given in the CAPS, which is relevant to this study is 
“ensuring that all learners acquire and apply knowledge and skills in ways that are 
meaningful to their own lives.” (DBE, 2011:4). One of the process skills expected from 
learners as per the senior phase Natural Sciences CAPS is providing learners with a 
learning environment that taps into their curiosity about the world while supporting 
creativity. The CAPS prescribes that science should be taught using different 
approaches in order to promote a holistic understanding of the science discipline as 





Figure 2.2: Prescribed manner of teaching Natural Sciences as stipulated by the CAPS 
(DBE, 2011:8-9). 
The number of hours allocated for grade 8 Natural Sciences is three (3) hours per 
week and content is organised into four knowledge strands as shown in Table 2.1 
below. Atomic structure and concepts such as the periodic table are taught under 
strand number two (matter and materials).  
Table 2.1: The four knowledge strands stipulated in the CAPS document (DBE, 2011:9)  
 
Natural Sciences Knowledge Strands 
1. Life and living 
2. Matter and materials 
3. Energy and change 
4. Planet earth and beyond 
 
Specific aims 
The specific aims given in the CAPS are: 
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• Doing science 
• Knowing the subject content and making connections 
• Understanding the uses of science (DBE, 2011:10) 
Attitudes 
Unfortunately, there are no attitudes mentioned in the CAPS; however certain words 
from figure 2.2 (teaching science) will be used to select attitudes for the purpose of 
this study. Words such as enjoyment, curiosity, responsibly and ethical will be selected 
as attitudes to be observed from learners during the intervention. 
Knowledge 
According to CAPS (2011), under the strand matter and materials, learners should 
know these concepts: 
• Atom 
• Sub-atomic particles 
• Pure substance 
• Element 
• Compound  
• Mixture 
Process skills 
The CAPS defines process skills as skills that may be used in everyday life, in the 
community and in the workplace (DBE, 2011). The 15 cognitive and practical skills 
that learners need to develop in Natural Sciences as prescribed by the CAPS are given 
below: 
1. Accessing and recalling information – being able to use a variety of sources to acquire 
information, and to remember relevant facts and key ideas, and to build a conceptual 
framework. 
2. Observing – noting in detail objects, organisms and events. 
3. Comparing – noting similarities and differences between things. 
4. Measuring – using measuring instruments such as rulers, thermometers, clocks and 
syringes (for volume). 
5. Sorting and classifying – applying criteria in order to sort items into a table, mind-map, 
key, list or other format. 
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6. Identifying problems and issues – being able to articulate the needs and wants of people 
in society. 
7. Raising questions – being able to think of, and articulate relevant questions about 
problems, issues, and natural phenomena. 
8. Predicting – stating, before an investigation, what you think the results will be for that 
investigation. 
9. Hypothesizing – putting forward a suggestion or possible explanation to account for 
certain facts. A hypothesis is used as a basis for further investigation which will prove 
or disprove the hypothesis. 
10. Planning investigations – thinking through the method for an activity or investigation in 
advance. Identifying the need to make an investigation a fair test by keeping some 
things (variables) the same whilst other things will vary 
11. Doing investigations – this involves carrying out methods using appropriate apparatus 
and equipment, and collecting data by observing and comparing, measuring and 
estimating, sequencing, or sorting and classifying. Sometimes an investigation must be 
repeated to verify the results. 
12. Recording information – recording data from an investigation in a systematic way, 
including drawings, descriptions, tables and graphs. 
13. Interpreting information – explaining what the results of an activity or investigation mean 
(this includes reading and understanding maps, tables, graphs). A Translation Task 
requires learners to make sense of information and convert the information into a 
different format e.g., from information captured on a table into a graph format and or 
written format. 
14. Communicating – using written, oral, visual, graphic and other forms of communication 
to make information available to other people. 
15. The Scientific Process is a way of investigating things about the world. Scientists use 
this process to find out about the world and to solve problems. The steps that make up 
the scientific process are not necessarily in order (sequential), and may include: 
Step 1: Identify a problem and develop a question. What is it you want to find out? 
Step 2: Form a hypothesis. A hypothesis is your idea, answer, or prediction about what 
will happen and why. 
Step 3: Design an activity or experiment. Do something that will help you test your idea 
or prediction to see if you were right (DBE, 2011:11). 
Bloom’s taxonomy, which is a hierarchical ordering of cognitive skills, used to inform 
successful teaching practice (Heick, 2018) will be used in planning the lessons to 
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ensure that learning is optimised as advised by the CAPS. This framework can be 
used to create different types of assessments, evaluate the complexity of assessments 
or to add rigour in lessons. Figure 2.3 shows the different cognitive levels or categories 
in Bloom’s taxonomy as well as the thinking skills associated with each level, ranging 
from simple to high order thinking skills (bottom to top). Each level has main skills that 
should be achieved by learners. The five lessons taught to the learners will test 
different cognitive levels and some will test a combination of skillset. In some lessons, 
learners have recall information and apply knowledge learned, while other lessons will 
require analysis and synthesis of models. 
 
Figure 2.3: Bloom’s taxonomy (fractuslearning.com) 
2.3.5 Content and concepts of atomic structure as prescribed by the CAPS  
The second strand, matter and materials in the CAPS prescribes important content 
and concepts to be taught under atomic structure. Learners start by learning about the 
smallest unit, which is an atom and build up to complex concepts such as compounds. 
Figure 2.4 below, highlights the order of the prescribed content to be taught and 
concepts associated with atomic structure and related concepts such as the periodic 
table. The lesson plans in this study will follow the order as stipulated in the CAPS, 
namely elements, sub-atomic particles, matter, elements, compounds, reactions and 




Figure 2.4: Prescribed concepts and content to be taught in grade 8 Natural Sciences 
(CAPS, 2011:40-41) 
 
2.4 Atomic structure 
2.4.1 Orientation 
In South African schools, the concept of atomic structure and the periodic table are 
introduced in grade 8. Learners are required to know that an atom constitutes an 
element. The three sub-atomic particles (protons, neutrons and electrons), that make 
up an atom are looked at in detail and later applied in the analysis of the periodic table 
elements. The periodic table of elements is a table, in which elements are arranged 
by atomic number (protons) and chemical properties to name a few (Messler, 2010). 
It is important for learners to know that the number of protons (positive charges) and 
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electrons (negative charges) should be the equal, hence the neutrality of an atom. In 
grade 8, learners are required to know the charge associated with each sub-atomic 
particle as well as where each is located in the atom (DBE, 2011). This may be too 
abstract for learners to grasp and the mathematical manipulation and remembering 
principles associated with an atom may be challenging for learners since science is 
an application of mathematics (Johnson, 2011). Figure 2.5 below shows the structure 
of an atom with its sub-atomic particles and relevant locations as taught in grade 8 
Natural Sciences.  
 
 
Figure 2.5: Elements such as helium, depicted here, are made up of atoms. Atoms are 
made up of protons and neutrons located within the nucleus, with electrons in 
orbitals surrounding the nucleus (Flowers, Theopold, Langley & William, 2018) 
Learners are then taught the periodic table of elements, only focusing on the first 20 
elements, which also requires an understanding of the principle of what an atom is 
and involves basic mathematics. Learners are introduced to the different symbols 
assigned to each element, the atomic number and atomic mass number (Koppenol, 
2002). Learners need to know how to deduce the number of protons, electrons and 
neutrons present in atom using similar information as shown in figure 2.6. This means 
that a learner needs to recall that the atomic mass is sum of protons and neutrons 
inside the nucleus of an atom given by the equation: Atomic mass = protons + 
neutrons. The learner should be able to mathematically manipulate the equation to 
calculate the number of neutrons. This may be problematic for learners who struggle 





Figure 2.6: The structure of the periodic table. Each element is represented by an 
atomic symbol (Flowers et al., 2018) 
 
2.5  Learning theories related to the study 
Piaget (1962) and Vygotsky (1978) were advocates of learning through play which is 
a concept aligned to this study. Vygotsky defined play as a source of development and 
defined learning as a social process. One of his ideas was the Zone of Proximal 
Development, which he defined as “the distance between the actual development level 
as determined by independent problem solving under adult guidance in collaboration 
with more capable peers” (1978:86). This leads us to the social constructivist theory 
which focuses on learner-centred learning. 
2.5.1 Constructivism  
The constructivist view of learning views teachers as facilitators in learning, rather than 
them taking centre stage (Jonassen, 1994). According to constructivists, learners are 
responsible for their own knowledge making through interaction with the environment 
and collaboration with peers. This interactive nature of learning allows learners to 
formulate knowledge through their own perspective, which constantly evolves (Rieber, 
2004). When learners interact with their environment it provides a better experience 
and better prepares learners for a lifetime of independence and development (Rieber, 
2004).  
Constructivism has been defined in many ways by different scholars and some of 
these are given below. Davis, Matthew and Nodding (1990) define constructivism as 
the process in which learners construct their own knowledge individually and by 
collaboration. Brooks and Brooks (1993) refute the notion that constructivism is a 
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theory about teaching and defined it as a theory about knowledge and learning. 
Jenkins (2000) defines constructivism as the process of developing understanding 
which requires active engagement of the learner. From the above-mentioned 
definitions, we can deduce that constructivism is centred around learners being 
actively engaged in their learning through collaboration in order to make meaning.  
There are various subsets and sub-approaches that arise from the constructivist 
approach and this study will specifically examine radical constructivism and social 
constructivism. The Piagetian perspective, which focuses on the experimental world 
of the learner is classified as radical constructivism, while the Vygotskian perspective, 
which focuses on the social and cultural domain is classified as social constructivism 
(De Swardt, Ankiewicz & Engelbrecht, 2005:6). 
2.5.2 Radical constructivism 
 
Radical constructivism is concerned with both the structure and the construction of 
meaning in learning (Doolittle, 1999). Radical constructivism advocates for the 
independent learning of learners through “creative and critical thinking, decision 
making, problem solving and reflection” (Reddy, Ankiewicz & De Swardt, 2005:20). 
Reflection is the process where learners think about their learning in order to make 
sense of it (Xhaferi & Xhaferi, 2017). Heyler (2015), indicated that when learners 
reflect, they use knowledge that lies within. Reflection is a critical component of critical 
thinking and high order thinking (Dewey, 1991). Reflecting on experiences “enables 
the participants to create and share local explicit and tacit knowledge (Gaudal, 
2008:211).  
The process of constructing knowledge is not dependent on ‘reality’ but is dependent 
on an individual’s subjective interpretation of their active experience (Von Glasersfeld, 
1995). In radical constructivism the teacher facilitates learning by creating situations 
that lead to self-driven learning (Candy, 1991). Von Glasersfeld (1995:14), 
summarises the type of learning that takes place in radical constructivism as follows: 
“…learning is not a stimulus-response phenomenon. It requires self-regulation 
and the building of conceptual structures through reflection and abstraction. 
Problems are not solved by the retrieval of rote-learned right answers. To solve 
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a problem, one must first see it as one’s own problem or as an obstacle that 
obstructs one goal”. 
It is important to note that radical constructivism also acknowledges the vital role of 
language in the development of abstract thought (Hardy & Taylor, 2015), which is 
important for understanding scientific concepts. According to Von Glasersfeld (1976), 
language is constructed through social interaction and can be used as a tool of 
reflection and structuring thought. This shows that the two subsets of constructivism 
appropriate for this study are not exclusive of each other and leads to the definition of 
the next subset, which is social constructivism.  
2.5.3 Social constructivism 
 
Social constructivism is more concerned with meaning rather than structure in learning 
(Doolittle, 1999). Teachers act as mediators in personal meaning making in social and 
cultural environments (Reddy et al., 2005). It emphasizes the construction of an 
agreed upon, socially constructed reality (Doolittle, 1999). With regards to learning, 
social constructivism can be implemented through group discussions or collaborations 
on projects, which allows learners to generalize and transfer their knowledge 
(Rezniskaya, Anderson & Kuo, 2007). These discussions allow the learners the 
opportunity to exercise self-regulation and perseverance while improving 
communication and problem-solving skills (Nystrand, 1996 & Corden, 2001). 
Instructional approaches associated with social constructivism are cooperative 
learning, discovery learning and enquiry (Reddy et al., 2005). 
As noted previously, these two subsets of constructivism are not exclusive from each 
other and the similarities can be noted table 2.2 below, which compares radical and 
social constructivism. For the purpose of this study, we will focus on radical and social 
constructivism. In the figure the first column gives the type of constructivism. The 
second column elaborates on the conceptual knowledge associated with each type of 
constructivism and ‘personal existence of the objective world’ is the commonality 
found. Column three identifies the conception of learning and it can be seen that 
‘personal constructs and sharing’ are common in radical and social constructivism, but 
in the case of social constructivism this should happen in a social context. The last 
column elaborates on the conception of teaching and most of the constructs observed 
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in social and radical constructivism are the same, except that in social constructivism 
solving life-related problems is important.  










Personal existence of 
objective world 
Personal constructs Guiding learners, 
encouraging sharing 
and cooperation 
Radical constructivism Personal existence of 





and cooperation in 
certain social contexts 
Social constructivism Personal existence of 
objective world 
Personal constructs, 




and cooperation, trying 
to solve life-related 
problems 
2.5.4 Formal and informal learning 
According to Eraut (1994), formal learning takes place in a prescribed learning context 
with the teacher acting as a facilitator. Formal learning environments are tightly 
structured and systematic. Rogers (2008) cautioned against ignoring that a certain 
part of learning takes place outside of conventional learning environments. Informal 
learning takes place outside of the dedicated learning environments, an example 
would be learning through games (Uusi-Mäkelä, 2015). Informal learning does not 
follow a specific curriculum, it is experienced as a function of daily activities and can 
be triggered through specific interests or events (Cedefop, 2009). Games are a form 
of informal learning, which is linked with less anxiety from learners. The use of 
Minecraft as a learning tool in this study can be linked to informal learning.  
2.5.5 Community of inquiry (COI)  
Inquiry-based learning forms part of the community of inquiry framework (COI), which 
focuses on learning and teaching processes rather than outcomes (Rourke & Kanuka, 
2009). The COI framework builds upon social constructivist assumptions in education 
(Garrison, 2009). The three elements of COI are; social presence, teaching presence 
and cognitive presence (Rourke et al., 2009). The two educational objectives of COI 
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given by Garrison, Anderson and Archer (2000) are critical thinking and deep 
meaningful learning. Ausubel (1991), associates meaningful learning with approaches 
such as problem-based learning and discovery learning. Marton and Saljo (1971), 
define meaningful learning as the critical examination of new facts while making 
connections with new knowledge structures. The next three sub-sections outline how 
meaningful learning takes place in inquiry-based learning, problem-based learning 
and discovery-based learning.  
2.5.5.1 Inquiry-based learning 
 
For the purpose of science education, Reiser, Tabak, Sandoval, Smith, Steinmuller 
and Leone (2001:341) define inquiry as “the process of posing questions and 
investigating them with empirical data, either through direct manipulation of variables 
via experiments or by constructing comparisons inquiry learning using existing data 
sets.” Inquiry-based learning is a pedagogy that advocates for independent learning 
through problem solving and discovery (Friesen & Scott, 2013). This pedagogy 
includes problem-based learning and contrasts traditional methods of teaching, which 
are teacher-centred (Dostal, 2015). Figure 2.7 below describes the phases in inquiry-
based learning, which include: (1) defining the problem, (2) exploring the problem by 
gathering info, (3) making sense of collected information in order to reach a resolution, 
(4) finding a resolution and discussing it with peers and (5) reflecting about the path 
taken.  
Figure 2.7: The cycle of inquiry-based learning (Dsouza, 2016) 
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2.5.5.2 Problem-based learning 
Vidal (1994) indicates that from a Piagetian perspective, each child’s conceptual 
understanding comes through the recognition of a cognitive imbalance within what the 
child is presented with and what they already know. Problem-based learning (PBL), 
emphasizes giving learners independence in their learning, so that they can take 
charge of their learning. This independence should be coupled with open-ended rich 
questions that will prompt learners to use 21st century skills needed for future careers 
(Schmidt, Henk, Rotgans & Yew, 2011). In this study, learners will be prompted to take 
control of their learning by playing a video game and making calculated decisions 
(problem solving) while playing the game. Problem solving can be associated with 
discovery learning as discussed in the next section. 
2.5.5.3 Discovery-based learning 
Discovery-based learning is a technique of inquiry-based learning underpinned by the 
constructivist approach in learning (Bruner, 1961). One of the proponents of discovery-
based learning, is the tailoring of learning experiences (Bruner, 2009). Since the 
intervention is driven by constructivist theories and learning will be tailored for learners 
at the specific school, this learning approach is deemed suitable for this study. Bruner 
(1961) introduced discovery-based learning as an active approach to problem solving 
or learning by doing. Balim (2008:2), defines discovery learning as “a method that 
encourages students to arrive at a conclusion based on their own activities and 
observations”. Ilmu (2016:292), defines discovery learning as “the method that takes 
place when the teacher sets up an experiment, acts as a coach and provides cues 
along the way to help students come to solutions…teachers provide students with 
certain tools for learning a concept and the students make sense of the tools”. 
2.5.5.4 A comparison between inquiry, discovery and problem-based learning 
Discovery-based learning and problem-based learning are both part of inquiry-based 
learning and both pedagogies begin with a question, problem or challenge 
(Mulholland, 2019). The similarities between PBL and DBL are that, they are both 
learner-centred pedagogies that encourage active learning and critical thinking 
through investigation as shown in figure 2.8 below. In DBL, the teacher acts as both a 
facilitator of learning and a provider of information whilst in PBL, the teacher supports 
the learning process without providing information related to the problem (Savery, 
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2006). In discovery-based learning, deep meaningful learning is achieved through 
investigation and lived experiences (Murdoch, 2010). In PBL, deep meaningful 
learning is achieved through solving authentic, real-world problems through 
investigation, testing and discovery (Savery, 2006).  
 
Figure 2.8: A comparison between inquiry-based learning, problem-based learning 
and discovery-based learning (Mulholland, 2019; Murdock, 2010; Savery, 2006) 
Holyoak (1991) listed the ability to solve problems as one of the important features in 
life. The main constructs seen in the figure are a learner-centred pedagogy, critical 
thinking, engaging learning experiences and active problem-solving link up perfectly 
with digital game-based learning which has similar constructs. According to Kiili 
(2005:17), “games provide a meaningful framework for offering problems to 
students…learning environments such as games allow students to new rules and 
ideas”. The next section will discuss digital-game based learning and how games can 
lead to deep meaningful learning through problem-solving and discovery. 
 
2.5.6 Digital game-based learning 
Gee (2005) argues that video games offer various possibilities associated to learning 
by presenting different levels of demand based on performance. Minecraft is a digital 
game where the player can move in a virtual world using a variety of materials to 
construct structures and manipulate the environment (Smeaton, 2012). Minecraft 
Inquiry-based learning
Discovery-based learning
Discovery Learning through investigation 
and lived experiences
Learner centered




Solving real-world problems 
through investigation, testing 
and discovery
Learner centered




allows learners to define the final stages of the presented problem since it is an open-
ended task that allows for the synthesis of skills and exploration (Steinbeib, 2017). The 
digital game-based learning (DGBL) model is based on the fact that learners are 
curious about information that is presented in an unusual way such as in video games 
(Steinbeib, 2017).  Game-based learning aligns well with PBL and DBL in that they all 
present a set of challenges to the learner to pique motivation and curiosity (Gutierrez 
& Lopez, 2016). The five attributes of digital-based learning that informed this study 
as given by (Jonassen, Houland, Moore & Marra, 2003) are: 
• being active – observe and manipulate objects 
• being constructive – reflect on the activity (previous knowledge vs acquired 
knowledge) 
• being intentional – take motivated decisions 
• being authentic – acquire multidisciplinary skills 
• being cooperative – reach socially agreed goals 
      
Other researchers, however, propose that making games is better than playing 
existing games and can lead to deep learning (Brennan & Resnick, 2012). The 
pedagogic idea of collaborative game making is that the construction of games allows 
learners to reformulate their understanding while expressing their personal ideas and 
feelings. Through the construction of games for others, it is believed that learners’ 
thinking, communication and design skills are improved since they must take the target 
audience perspectives into account (Kafal, 1997). Collaborative game making can 
lead to deepened learning when different learners work together and challenge each 
other’s ideas, exchange views and give constructive feedback. This is an important 
skill that learners will need in their future workplaces (Block, 2014). 
 
2.6. Minecraft and its affordances 
2.6.1 Orientation 
Minecraft is a sandbox game where the player has unlimited movement in an unlimited 
virtual world and the purpose of the game is to use a variety of materials to construct 
structures and manipulate the environment (Smeaton, 2012). The three elements that 
make Minecraft unique are: (1) the game does not ‘finish’, (2) graphics are simplistic 
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and (3) the game encourages exploration and construction (Short, 2012). Minecraft is 
a vehicle that can be used to absorb information since an avatar walks around a 
Minecraft world reading information on signs and books (Landay, 2016). This digital 
game allows learners to process information in different ways since it has multimodal 
texts that allow learners to read and understand images that carry meaning beyond 
the words in text as well as visual images, sounds and music (Dourish, 2001; Streeck, 
Goodwin & LeBaron, 2011).  
2.6.2 Using games in educational contexts  
Different scholars define the term ‘game’ in various ways. According to Huizinga 
(1950), play is older than culture. Huizinga (1950) describes play as a free, non-
serious, completely absorbing activity with fixed rules, that is outside of ordinary life. 
The definition of the term ‘game’ as given by Callois (1961) is very similar to that of 
Huizanga’s. Callois (1961) does however caution against seeing games as separate 
to ordinary life. Therefore, a digital game will be incorporated in a learning context in 
this study, in order to determine if the two can co-exist effectively.  
 
It is important to distinguish between GBL and gamification.  Game-based learning 
uses game elements to teach a specific skill or achieve a specific learning outcome in 
a risk-free setting (Findlay, 2016). Game-based learning uses a game as part of the 
learning process in order to teach complex skills so that they can be better understood 
(Ingwersen, 2017). The application of game design elements and game principles in 
non-game contexts to improve engagement and productivity while promoting desired 
behaviour is called gamification (Houtari & Hamari, 2012). Gamification can be used 
as an incentive to motivate learners to participate or as a way of reaching educational 
outcomes (Zichermann, 2010). Businesses are branching into using elements of 
gamification to improve consumer participation, motivation and profitability (Smeaton, 
2014). The Deloitte leadership academy uses gamification to select future leaders and 
top talent in the company, while Uber allows drivers to earn badges from customers 
to improve their rating (Monahan, Harr, Knight & Crump, 2017). Perhaps, the same 
concept of improving participation and motivation can be implemented in educational 




The differences between game-based learning and gamification are outlined in table 
2.3 below. The table highlights that in game-based learning, the focus is on learning 
and reaching learning outcomes, while in gamification fostering engagement and 
improving motivation are important. It can also be noted based in the figure, that game-
based learning has aspects of gamification (rewards, points, levels etc.) which can 
foster engagement from learners. Game-based learning is the crucial component of 
the theoretical framework chosen for this study because it covers both aspects of 
learning and fostering engagement, unlike gamification which puts emphasis on 
engagement. 
 
Table 2.3: Differences between game-based learning and gamification 
(https://www.upsidelearning.com/blog/index.php/2015/05/21/) /)  
 
 
Learning through games is not a completely new concept. Bradshaw and Lowenstein 
(2007) refer to using games to coach soldiers in ancient times to argue that the use of 
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games for learning is an old activity. A study conducted by Martin and Oppenheim 
(2007:1) revealed that “the average 13 to 18-year-old plays 14 hours of video games 
per week”. Based on this study we can conclude that learners are naturally motivated 
to play video games, therefore it only makes sense to incorporate games in their 
learning. Learning with games, refers to the use of games which are not developed for 
educational purposes as a tool for learning (Steinbeib, 2017). Learning through games 
refers to the use of games which are created for educational purposes rather than 
pure entertainment (Egenfelt-Nelson, Smith & Tosca, 2009). Minecraft Edu, which is 
created for educational purposes, will be used in this study. 
Short (2012:55) describes Minecraft as "a multiplayer sandbox game based in the 
virtual world modelled on the real world". Literature indicates that using Minecraft in 
science education has educational benefits in both the formal and informal learning 
context (Steinbeib, 2017). Literature indicates that learning through games is not a 
completely new concept, therefore with continuous technological advancements, 
games can be used as a tool in learning (Bradshaw & Lowenstein, 2007). A 
constructivist approach (radical and social) was deemed fitting for this study since 
learners will be using Minecraft (a digital game) as a learning tool in independent 
learning. Learning through play (Minecraft) is a social experience that can lead to 
meaningful learning and can have educational value as explained in the next section. 
  
2.6.3 Games for educational value 
2.6.3.1 Orientation 
Video games are an additional tool in a teacher’s toolkit and can be used to 
supplement the use of other media.  Fromme (2012) suggests that game-based 
learning should be merged with traditional curricular subjects, such as mathematics 
and science to make them more easily relatable. The knowledge and skills acquired 
by using games as an educational tool are retained for longer than learning through 
other methods (Bellotti, Kapralos, Lee, Moreno-Ger and Berta, 2013). Minecraft 
provides learners with many opportunities that may not be available in a traditional 
classroom, since it increases engagement and collaborative inquiry (Riel, 2016). 
Whitton (2014) warns about the struggles that learners who lack game literacy might 
experience, especially if performance in the game is linked to an assessment. This 
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concern is also raised by Facer and Furlong (2001), in that adults assume that young 
people are familiar with digital technologies, which is not always the case. Therefore, 
factors such as target audience and context should be considered when implementing 
games in education if positive results are expected. Huang and Soman (2013) 
introduced the five steps of the gamification process as given in figure 2.9 below.   
 
In summary, the gamification process highlights the importance of understanding the 
target audience, defining learning objectives and identifying appropriate resources 
before applying gamification elements. 
 
Figure 2.9: Five steps of the gamification process (Steinbeib, 2017) 
2.6.3.2 Minecraft in other subjects or disciplines 
 
Various internet searches on google scholar and google, specifically looking at using 
Minecraft as a learning tool in atomic structure yielded limited/ no results. Most results 
were on the use of Minecraft as a learning tool in learners with autism, learning history, 
languages, mathematics and the electricity component of Natural Sciences. We will 
look at the use of Minecraft in other disciplines so that we can make relevant 
deductions for the purpose of this study. Landay (2016), indicates that learners need 
transitional objects like Minecraft when oscillating between the concrete and abstract 
way of thinking. According to Pussey et al. (2015:23), “there are many parallels 
between good pedagogy and good video game design”. American and Swedish 
schools have integrated Minecraft into their curricula and many schools in Montreal 
have been using Minecraft to teach history, prompting the learners to reproduce 


















Video games can help learners acquire 21st century skills that they will need in their 
future careers and lives (van Eck, 2006). Other positive outcomes of using Minecraft 
include using this video game with grade 3–6 learners from Sydney, who have autism 
spectrum disorder; results indicated improved collaboration and social connectivity 
since the game allows them to immerse themselves in their own personal narrative 
(Cheng, 2016). A high school teacher in Minnesota, uses Minecraft to teach 
vocabulary phrases related to describing a city or town in Spanish. After the 
description, learners must create parts of that city in Minecraft while narrating in 
Spanish using a screen cast of the city (Irvin, 2017). In his blog on EdTech, Irvin 
mentions how learners who use Minecraft (game-based learning) to learn Spanish, 
outpace their peers who learn the traditional way in interpersonal communication and 
presentational speaking.  
2.6.3.3 Minecraft in science 
 
 In order to answer research question (2.1) we need to look at how Minecraft has been 
used effectively in science classrooms in different parts of the world. According to 
Lewis-Ellison (2016:25), some affordances of Minecraft are that it “sparks collaborative 
learning, critical thinking and problem-solving”. One of the aims given in the national 
curriculum statement as given in the CAPS is to produce learners who are problem 
solvers and critical evaluators of information (CAPS, 2011). This alludes to the fact 
that Minecraft can be used in science classrooms. Minecraft can be used to teach 
critical content whilst allowing learners to take control of their learning in order to 
enhance motivation for learning (Junco, 2014). A former grade 3 teacher from the 
United States created a curriculum called Mathcraft using Minecraft, which helped 
increase his learners’ mathematics marks from 18% to 84% in one academic school 
year (Riel, 2016).  
 
Minecraft has been found to make the topic of electricity and circuitry more concrete 
in cases where learners virtually make use of redstone (an element with electrical 
properties) to build mechanical and electrical devices (Landay, 2016). The use of 
redstone to build mechanical and electrical devices from simple constructions such as 
toggles to switch on lights or set off bombs is “an experience that is both abstract and 
sensory” (Landay, 2016:136). A multi-sensory approach, where learners learn from 
33 
 
their experiences by using more than one sense ensures that information is retained 
for longer since learners are actively involved in various aspects while performing a 
task (Sarudin, Hashim & Yunus, 2019). Once the suitable digital game has been 
selected as a tool for learning, it is important to use an effective approach so that 
meaningful learning takes place. The next section will discuss different approaches in 
the application of digital game-based learning. 
2.6.4 Approaches in the application of digital game-based learning 
Three approaches exist in the implementation digital game-based learning and can be 
used concurrently for more effectiveness. The separatist approach focuses on the 
skills and abilities that players acquire. Gee (2007) argues that playing video games 
is a meaningful experience and that learning principles can be derived from games. 
McGonial (2011) indicates that games turn learners into expert collaborators, problem 
solvers and world changers. Video games contain semiotic domains which allows 
gamers to experience the world differently (O’ Riley, 2016). Other researchers such 
as Alexander, Eaton and Egan (2010), critique the separatist approach by saying 
children have always learned skills through game play in the real world, therefore 
educators should not regard video games as the sole focus in education. 
 
The integrative approach, which uses digital games for specific curricular content in 
order to create richer learning experiences for learners (Farber, 2015 & Devlin, 2011). 
For an educational game to be successful, Squire (2011) says it must: 
• employ academic knowledge as a tool for meeting goals 
• offer multiple ways to play 
• pique the interest of players 
• offer spaces for players to interact socially 
• inspire creativity. 
Minecraft has all these features; hence it was considered best for this study. Critics of 
the integrative approach warn against game objectives replacing educational 
objectives (Hanus & Fox, 2009).  
 
Lastly, the transfer of learning approach analyses factors of digital games that lead to 
engagement and then applied those factors in structuring the content of the curriculum 
(Zichermann, 2012). It should also be noted that for teachers to use video games 
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effectively for teaching, they must be aware of the features of video games how they 
can be used to engage the learner (Farber, 2015).   
 
A summary of literature findings for this chapter are given in table 2.4 below 
Table 2.4: Summary of the chapter based on literature findings 
Difficulties faced by learners when 
traditional methods are used to learn atomic 
structure 
Affordances of digital games, including 
Minecraft as a learning tool in various 
disciplines 
Boring/uninteresting (refer to section 2.2) Fosters engagement (refer to section 2.6.2) 
Language barriers and the use of complex 
scientific language (section 2.2) 
Improves communication skills (section 2.6.3.2) 
Too difficult and abstract (section 2.2 & 2.4.1) Makes learning more concrete (section 2.6.3.2) 
Mathematical manipulation or computation may 
be difficult for some learners (section 2.4.1) 
Promotes critical thinking (section 2.6.3.2) 
Lack of facilitation and scaffolding during 
lessons (section 2.2) 
Improves collaboration and social connectivity 
(section 2.6.3.2) 
The concept of an atom does not include the 
use of senses, which makes the conceptual 
process difficult for some learners (section 2.2) 
Learners learn from their experiences by using 
more than one sense (section 2.6.3.3) 
Misconceptions about science (section 1.2) Promotes meaningful learning and an increase 
in learners’ marks (section 2.6.3.3) 





This chapter reviewed literature based on issues in science education and different 
components of the theoretical framework namely; digital game-based learning, 
learning theories and pedagogies as well as curriculum implications in the South 
African context. Issues such as the abstract nature of atomic structure, where learners 
need to learn about atoms (which they cannot see) and the application of mathematics 
when working with the subatomic particles making up an atom were discussed in order 
to address research question 1 (difficulties in learning the atomic structure when 
traditional methods are used). Different studies were perused in order to address 
research question 2 and some of the affordances of Minecraft from those studies 
include using components within the game to build objects learners are familiar with 
when learning about electricity and circuitry. Since Minecraft was used to effectively 
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make strand number three (electrical systems and control) more concrete though the 
use of redstone, we can assume that it would be possible for Minecraft to make 
concepts in strand number two (matter and materials) more concrete as well.  
 
Minecraft prompts the use of multiple senses which helps in retaining information and 
makes it easier for learners to understand abstract concepts. Minecraft improves 
engagement, intrinsic motivation and productivity as seen in the case of companies 
who use gamification for granting promotions to employees. Other affordances include 
preparing learners for future careers where problem-solving and collaboration are vital. 
There are no studies that have focused on using Minecraft in learning atomic structure 
specifically, therefore we can only make deductions from studies in other subjects or 
disciplines to guide the study. The next chapter will elaborate on the research design 

















CHAPTER  3 
RESEARCH DESIGN AND METHODOLOGY 
3.1 Introduction 
Chapter 1 elaborated on the abstract nature of atomic structure in grade 8 Natural 
sciences and explained how this study aims to examine whether Minecraft can make 
these scientific concepts more concrete for learners. The previous chapter explored 
the theoretical framework (digital game-based learning employing radical and social 
constructivism approach in learning) of this study as well as the affordances of 
Minecraft. This chapter will elaborate on the research design guiding this study, which 
has eight (8) subsections as outlined below. 
Firstly, the selected research paradigm and approach that guided the study are 
justified (3.2.1). This is followed by a description of the research context where inquiry 
was conducted (3.2.2). An explanation of the sampling methods used to select 
participants is given (3.2.3). The section that follows deliberates on the data-collection 
methods used, the reason for their selection and how they were applied in the study 
(3.2.4). Methods used to analyse raw data collected from focus group interviews and 
observations are included (3.2.5). The latter part of the section deliberates on the 
intervention and lessons used in the study, which are underpinned by game-based 
learning via social constructivism and radical constructivism learning theories (3.2.6). 
Lastly, issues of trustworthiness and ethical implications of the study are addressed 
(3.2.7 and 3.2.8). 
 
3.2 Research design 
3.2.1 Research approach 
A qualitative research approach was adopted for this study. The aim of qualitative 
research is to investigate how people interpret their experiences. Qualitative research 
can be described as an effort to understand situations in their uniqueness (Patton, 
1985). An interpretivist paradigm was chosen for the qualitative study. Qualitative 
research approaches focus on meaning in context and uses data-collection 
instruments that are sensitive to underlying meaning. The most common type of 
qualitative research is interpretive research, which is based on the notion that reality 
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is socially constructed and has multiple observable realities or interpretations (Merriam 
& Tisdell, 2016). The intervention was underpinned by social and radical 
constructivism learning theories since a digital game (learning through play) will be 
used as a learning tool. 
Table 3.1 compares positivism and interpretivism and starts off by defining each 
research paradigm and then proceeds to compare positivism and interpretivism in 
terms of the behaviour of individuals, aims and use in research (methods). Positivism 
is used in used in quantitative studies, while interpretivism is used in qualitative 
studies. The aim of the positivist approach is to discover the laws that govern human 
behaviour (Lin, 1998). Since this study used qualitative methods to understand 
learners’ experiences in using Minecraft as a learning tool, the interpretivist approach 
was deemed more suitable.   
Table 3.1: A comparison between positivism and interpretivism in research. 
(https://www.differencebetween.com) 
 
Positivism vs Interpretivism 
 Positivism Interpretivism 
Definition 
A social approach that states 
human behaviour 
A sociological approach that 
states it is important to 
understand or interpret the 
beliefs, motives and actions of 
individuals in order to 
understand social reality 
Behaviour 
Believes that human behaviour 
is based on social norms as 
society shapes individuals 
Believes that individuals are 
complex and have different 
views and experiences 
Aim 
Discover the laws that govern 
human behaviour 
Gain insight into individuals and 
understand why people behave 






Since gaining understanding is the primary goal of qualitative research, the researcher 
(human instrument) is the primary instrument of data collection and analysis. In as 
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much as “human instruments” can be immediately responsive and adaptative, it is 
important to note that they can have shortcomings and biases that impact the study. 
Qualitative studies can be used where there is lack of theory or where existing theories 
do not adequately explain a phenomenon (Merriam & Tisdell, 2016). This study 
adopted a qualitative approach because, in as much as a handful of studies about 
using Minecraft in science classrooms exist, only a few of these studies discuss 
learners’ experiences of using Minecraft in learning the atomic structure.  
An inductive research approach was used for the study since previously researched 
phenomena were explored from a different angle (Tisdell & Merriam, 2016). 
Participants were chosen based on the research aim and objectives. An interview 
schedule/guide was used while conducting interviews in order to keep the interviews 
focused. Probing questions were used to gain more information from the participants. 
Interviews were recorded on a cell phone and translated verbatim. Research questions 
as well as the theoretical framework, guided the constructs to be observed during the 
intervention. 
Social (2.5.3) and radical (2.5.2) constructivist learning theories were used since the 
theoretical framework for the study is digital game-based learning (DGBL) and 
learners used Minecraft (a digital game) as a learning tool. Learning through play 
(Minecraft) is a social experience that can lead to meaningful learning (Vygotsky, 
1978). Play is important for social, physical, emotional and intellectual growth (Dietze 
& Kashin, 2011). According to Singer and Singer (2009:213), “Through make-believe 
games children can be anyone they wish and go anywhere they want…they learn how 
to cope with feelings, how to bring the large, confusing world into a small, manageable 
size; and how to become socially adept as they share, take turns and cooperate with 
each other. When children play, they are learning new words, how to problem solve, 
and how to be flexible”. The next section discusses the research setting appropriate 
for this study. 
 
3.2.2 Research setting/context 
The school where research was conducted is a private school in the Boksburg area. 
Although this school is a private school, it uses prescriptive information from the CAPS 
to guide curriculum and pedagogical practices. The school has a well-equipped IT lab 
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and licencing for Minecraft education, making it suitable for the study. The class from 
which the sample was selected, consisted of 21 learners. This school is the 
researcher’s place of employment and thus informed the type of sampling technique 
chosen as explained in the next section which explains sampling methods used in the 
study. 
3.2.3 Sampling/ participants 
Purposeful sampling of ten grade 8 learners between the ages of 12 and 14 (five who 
are familiar with Minecraft and five who are not) took place. Purposeful or judgement 
sampling involves “selecting people or sites who can best help us understand our 
phenomenon in order to develop a detailed understanding of the phenomenon 
(Creswell, 2012:6). With this sampling method, researchers rely on their own 
judgement when choosing individuals who fit the profile relevant to their study (Foley, 
2018). For the purpose of this study, learners were purposefully chosen according to 
the grade they are in as well as their familiarity with Minecraft. The data-collection 
methods suitable for a qualitative research and employed in this study are outlined 
below. 
3.2.4 Data-collection methods 
3.2.4.1 Interviews 
Based on literature findings from chapter 2, the data-collection instruments which were 
deemed suitable for this study were an observation protocol and interviews. These 
instruments also allowed for the confirmation of the affordances of Minecraft as a 
learning tool given in chapter 2 and allowed for the identification of additional 
affordances of Minecraft for learning atomic structure. During observations the 
participants’ actions, activities and behaviour during the intervention indicated whether 
certain constructs were achieved and alluded to the participants’ experiences 
(positive/negative). Interviews allowed respondents to relay their own experiences, 
opinions and feelings about a phenomenon and this information was used to check if 
the literature findings regarding the affordances of Minecraft for learning atomic 
structure were relevant for this study 
In terms of data collection there are three types of interviews, namely structured, semi-
structured and unstructured. The interview style is informed by the research design 
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and what the researcher wants to accomplish (Oakley, 1998). The sensitivity of the 
topic also informs which type of interview is best for a study. Interviews allow 
respondents to give their own perceptions about a phenomenon (Marshall & Rossman, 
1995).  
Table 3.2 compares the three types of interviews used in data collection in terms of 
the use of the interview method, advantages and disadvantages. For a qualitative 
research approach, the conversations are unstructured, therefore responses and 
flexible and interviewer bias is limited. This is important because a qualitative research 
approach aims to understand the participants experiences not that of the researcher. 
It should be noted from the table that the disadvantages of unstructured interviews are 
the difficulty in analysing rich data and the importance of good communication and 
listening skills from the interviewer.  




Description Advantage Disadvantage 
Structured Quantitative 
Uses a specific set of 
questions and has 
limited responses 
• Interviewees answer 




• Interviewee bias 
reduced 
Very little flexibility and the 






lead the conversation  
Combines the flexibility of 
unstructured interviews 
with comparability of key 
questions 




• Flexible responses 
• Interviewers role is 
minimal allowing the 
interviewee to express 
ideas in his or her own 
words 
• Comparability is reduced 
and data analysis is more 
difficult 
• Data quality depends on 





For this study, open-ended questions were used during interviews. Focus group 
interviews were conducted after learners had interacted with the digital game. A mobile 
phone was used to record interviews and the recordings were kept not shared nor 
discussed with other people. All interviews were transcribed by the researcher. The 
main question guiding interviews was focused on the learners’ experience when using 
Minecraft in learning the atomic structure in Natural Sciences. The sub-questions 
which address RQ 2 are given below: 
What was your experience: 
1. of using Minecraft to build different atoms or molecules?    
2. of the arrangement of elements, when building a table of elements? 
3. of using the camera feature when capturing pictures of physical and chemical 
reactions? 
4. of constructing new compounds and materials made from natural materials? 
 
Sometimes it may be difficult to gain all the necessary information using one data-
collection method (Driscoll, 2011). The data collected through interviews is indirect or 
self-reported therefore, to gain first-hand information, learners will be observed as 
described in the next section. 
3.2.4.2 Observations 
Observations are a non-verbal way of collecting data and are a less reactive method 
of gathering data. Observations describe what is happening and includes noting and 
recording events and participants’ behaviour (Merriam, 2001). Observations can be 
highly structured, give detailed notations of behaviour or they can give a holistic view 
of events and behaviour (Marshall & Rossman, 1995).  
 
In this study the researcher took the role of an observer. The learners were observed 
while playing Minecraft using an observation protocol (Appendix B) to observe their 
interaction with the game. The observation protocol also took note of whether learners 
who are not familiar with the game struggled or if they easily adapted.  It was also 
important to observe whether the combination of learners fosters cooperative learning 




There was no specific schedule for observation as it took place in conjunction with the 
learning process. Observations were captured by using field notes while interacting 
with learners during the lessons or while they completed certain components of the 
lesson on Minecraft. The main constructs that were observed while learners played 
the game as part of the intervention are listed below:  
1. The ability to construct elements within Minecraft. 
2. The ability to arrange elements on the periodic table built within Minecraft. 
3. The proper use of the camera feature to capture different reactions. 
4. The construction of new compounds and materials made from natural 
materials. 
The rich information collected from both interviews and observations was condensed 
and categorised as explained below. 
3.2.5 Data-analysis 
Shamoo and Resnick (2003) define data analysis as the process of using systematic 
and logical techniques to describe, condense or evaluate data. The analysis involves 
taking raw data and converting it into useful information (Judd & McCleland, 1989). 
The type of data-analysis method chosen in research is informed by the type of 
research approach and for this study, Merriams’ (2016) comparative method of 
analysis was used to analyse raw data. This entails “comparing one segment of data 
with another to determine similarities and differences, where data is grouped together 
on a similar dimension…the dimension is given a name and becomes a category” 
(Merriam et al., 2016:32).  
3.2.6 The intervention 
Intervention research involves the introduction of a new teaching strategy which is 
then compared to an existing (traditional) strategy (Levin & O’ Donell, 1999). 
Interventions aim to address the root of existing problems and measuring the 
gains/affordances of such interventions (Hung, Jamaludin & Toh, 2015). The 
measurement of these gains/affordances using formal assessments may not be 
feasible (Hung et al., 2015). They further indicated that well-designed interventions 
lead to conceptual understanding, allowing learners to transfer their learning as they 
move through different levels. One of the trajectories of a good intervention mentioned 
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by Hung et al. (2015) includes, using the intervention in multiple contexts, in multiple 
schools and with different learners.  
For the purpose of this study, the intervention will be used with different learners in the 
same school. 
 
3.2.6.1 Minecraft Education 
Short (2012:55) describes Minecraft as "a multiplayer sandbox game based in the 
virtual world modelled on the real world". Minecraft Education is an educational version 
of Minecraft, specifically designed for education. The educational version contains 
features that make Minecraft more accessible and effective in a classroom setting and 
differentiates it from the Bedrock and Java editions (https://education.minecraft.net/). 
Minecraft Education was used to simulate real-world science for the interventions. 
Learners can play on survival mode (tests skills and cultivates a feeling of 
achievement) or creative mode (unleashes creativity). If a world is already pre-loaded 
with materials and instructions it is referred to as an existing world (Boddy and Hunt, 
2020).  
Four craft stations exist within the game which learners used to perform experiments 
as they moved through the virtual world. These craft stations can be used in order to 
make helium balloons, glowsticks, bleach, fertilizer and more. The craft stations have 
different appearances (first column), names (second column) and functions/uses (third 
column) as explained in figure 3.1 below. Some of these craft stations are specifically 
designed to create elements, while others create compounds. Other craft stations are 
designed to reduce/ break down compounds into the elements that make it up. 
According to the CAPS (2011), grade 8 learners start by learning about elements then 
later use the information learned about elements to form compounds. When learning 
about different reactions (e.g., synthesis and decomposition reactions), it would be 
expected from learners to break down the given compound into elements. The element 
constructor, compound creator and material reducer would assist in learning the 





Figure 3.1: Different craft stations that can be used in Minecraft education (Chemistry 
lab Journal:2) 
The functionality of each of the four craft station is discussed in detail below: 
• Element constructor 
The element constructor allows for the construction of elements using sliders 
to input the number of protons, electrons and neutrons for each atom or 
numbers can be typed into the fields at the top. The element constructor allows 
users to view the sub-atomic particles of elements and affords them the 
opportunity to create 118 elements and over 400 isotopes as seen in figure 3.2 
below. As seen in the figure, learners can see the structure of an atom with the 
subatomic particles in relevant locations. When changes are made on the 
slider, a learner can immediately see changes in terms of these subatomic 




Figure 3.2: Element constructor within Minecraft (Minecraft chemistry lab journal:3) 
 
• Compound creator 
The compound creator allows the user to create over 30 different types of 
compounds. Compounds are created by adding the correct number of elements 
in the grid. The compound created appears on the right-hand side of the grid 
as seen in figure 3.3. 
 
 
Figure 3.3: Compound creator on Minecraft (Minecraft chemistry lab Journal:3) 
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• Lab table 
The lab table is used to conduct experiments. The user selects the appropriate 
type and number of elements in the grid and clicks the combine button when 
ready to conduct the experiment. If a viable product has been formed, the 
images at the top will animate to indicate whether a solid, liquid or gas have 
been formed. If the materials did not produce a viable item, the process results 
in a garbage item. Figure 3.4 shows the use of different virtual lab apparatus 
such as beakers and test tubes that can be used in the lab table craft station.  
 
 
Figure 3.4: Lab table used to conduct experiments on Minecraft (Minecraft chemistry 
lab Journal:7) 
 
• Material reducer 
The material reducer reduces materials into its component elements by 
percentage as seen in figure 3.5 below. Once a material is placed in the top 
grid, the elements that are present in that material are shown below with the 





Figure 3.5: Material reducer (Minecraft chemistry lab Journal:11) 
 
3.2.6.2 Lesson plans and learner support 
• Lessons 
The theoretical framework of this study is based on using game-based elements in 
educational contexts (game-based learning). As mentioned in the previous section, 
Minecraft was used as a tool in learning atomic structure. The game was not used as 
a stand-alone tool in the intervention, the CAPS as well the learning theories 
mentioned in section 2.5 determined the intervention process. The learning theories 
which are components of the theoretical framework and the intervention are discussed 
below.  
 
Radical and social constructivism were the main drivers of the intervention as they 
advocate for “independent learning of learners through creative and critical thinking, 
decision making, problem solving and design” (Reddy, Ankiewicz & De Swardt, 
2005:20). Social constructivism mainly supports deep meaningful learning in a social 
setting whilst learners take charge of their learning. This justified the use of a digital 
game (social context/ learning though play) in learning science. Learning was 
facilitated by both the teacher and virtually through Minecraft (learner support).  
 
The school where research was conducted is regarded as a formal environment that 
uses prescribed content from the CAPS in order provide a structured learning process. 
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Using Minecraft within the school setting was vital as it ensured that learners were not 
suddenly learning in an unfamiliar setup or environment while having to adapt to the 
use of a new learning tool.  The use of games in learning incorporates the informal 
learning (virtual) environment since games from part of informal learning. Therefore, 
both formal and informal learning components were used. 
 
The main components of inquiry-based learning, problem-based learning and 
discovery-based learning were considered when planning lessons. These 
components include independent learning through active problem-solving, 
collaboration, critical-thinking, discovery and exploration. These components were 
important since learners would have to use different skills and methods to reach a 
resolution within the game to reach learning objectives. Each lesson starts with a 
challenge or problem that learners will have to solve through critical thinking, problem-
solving, discovery and exploration.  
 
Learners were taught five lessons (Appendix C) on Minecraft, which were a 
modification of lessons provided on Minecraft while keeping to the prescribed content 
from the CAPS as indicated in chapter 2. Figure 3.6 below, which is a collage of 
screenshots captured within Minecraft shows the kind of virtual instruction and 
guidance received by learners. Some of the instructions and guidelines received by 
the learners as shown in figure 3.6 include: 
• “explore the biomes and bring back materials…” 
• “use this build space…” 
• “work safely in a chemical lab” 
• “see what happens if you put 2 hydrogens and one oxygen in the compound 
creator” 
• “make some soap” 
• “look around and find models of…” 
• “there are different ways to build molecules” 
• “build a periodic table…take a look at some of these links for inspiration” 
These guided steps ensure that learners know the objectives of the lesson as well as 




Figure 3.6: Virtual assistance or guidance to learners in the digital game (Minecraft) 
The five lessons taught to the learners are summarised below and given in detail in 
appendix C. The definitions associated with atomic structure and related concepts are 
given in appendix D. Learning is an integration of knowledge (K), skills (S) and 
attitudes (A), also known as SKAs (Baartman & Bruin, 2011). The five lessons required 
the application and development of various SKAs by learners. The lesson plans did 
not include any formal assessments since teaching and learning using Minecraft was 
the focus of the study. Informal assessments in the form of discussions, quizzes 
(periodic table cards), and observations were used in the study. This allowed for 
instant remediation and support to be provided as needed. 
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Although the intervention was informed by the constructivist approach in learning, 
certain aspects of behaviourism were used during the lessons. Although behaviourism 
is associated with rote learning and direct instruction, it is effective when the outcome 
is to help learners remember vital information and to develop specific skills (Reddy et 
al., 2005). Some of the teaching strategies associated with behaviourism, such as 
direct instruction and demonstrations (Ankiewicz, 2003) were used in the lessons. The 
application of the behaviourist view is based on the fact that “no single instructional 
strategy is effective for learners all the time… instruction and learning are very 
complex processes that are influenced by many different things” (De Swardt et al., 
2005:3).   
Knowledge: the fact or condition of knowing something through experience or 
association (Merriam-Webster). In chapter 2, the concepts (knowledge) prescribed by 
the CAPS that grade 8 learners in a Natural Sciences classroom should know after 
completing strand number 2 were listed (2.3.4). 
Skills: the physical ability to complete a task. The main skills that were important for 
the given lessons are psychomotor and thinking skills, which are explained below. 
Psychomotor skills: Wallon (1956), indicates that psychomotor skills are an integration 
of cognitive, emotional, symbolic and sensory motor skills. These can be 
demonstrated by physical skills such as movement, manipulation, coordination, 
speed, dexterity, strength and speed (Santos, 2015). Psychomotor skills are important 
in reading and writing (Camargos & Maciel ,2016). Playing the game requires 
manipulation of surroundings and specimen, coordination, reading with 
comprehension as well as speed.  
Thinking skills: thinking refers to the processing of information while creating a logical 
series of connective features between items of information (Drew, 2020). Galinsky 
(2010), indicates that critical thinking involves taking in information, analysing the 
information and making judgement about it. Patterson (2020) supports the above 
statement in stating that for an individual to be a critical thinker, they must think 
deliberately about a problem. Critical thinking helps with making good decision making 
and problem solving (Rymanowicz, 2016).  
Attitudes: feelings or emotions about something (Perlof, 2016) which can lead to goal 
setting and motivation. Allport (1967:8), defined attitude as "a mental and neural state 
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of readiness, organized through experience, exerting directive or dynamic influence 
upon the individual's response to all objects and situations with which it is related". 







• Confident (https://amojolife.wordpress.com/resources/positive-attitude-list/) 
 
Lesson 1: Atomic structure and isotopes 
The main objectives of this lesson were for learners to understand that atoms are 
made up of three subatomic particles (protons, neutrons and electrons). It was also 
imperative to know that each element has its own unique atomic number, atomic 
weight and isotope(s). Learners used the element constructor to create different 
elements. The construct that was observed was the successful use of the element 
constructor to create an element and isotope. 
Lesson 2: Characterising elements 
At this point in time, learners had the knowledge that atoms make up elements and 
knew the definition of an element. The main objectives of the second lesson were to 
understand different properties of elements and characterising elements based on 
chemical and physical properties. The main constructs that were observed were the 
use of the element constructor to build a table of elements, as well as finding the 
atomic number and mass number assigned to each element. 
Lesson 3: Structure and properties of matter 
During the third lesson, learners explored the structure and properties of matter. 
Important concepts included understanding that substances are made from different 
types of atoms which combine in various ways. The constructs observed were the 
successful use of the material reducer to find as many materials as possible that 
contain oxygen.  
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Lesson 4: Structures, models and molecules 
The main objective of the fourth lesson was for learners to understand that atoms can 
be represented in several ways and that different representations are useful for 
different situations. Constructs observed were the use of Molcraft to create molecular 
models of compounds containing just carbon and hydrogen (hydrocarbons). Molcraft 
is a world where learners can explore massive molecules such as proteins 
(https://education.minecraft.net/lessons/molcraft).  
Lesson 5: Properties of matter 
The lesson objectives for the last lesson included differentiating between elements, 
molecules and compounds, creating compounds and identifying whether chemical 
reactions have taken place. Constructs observed were the successful use of the 
compound creator to make different compounds and being able to identify chemical 
reactions.  
Some of the learners will be first time players of the game while trying to reach the 
learning objectives. Some of the terms that appear while playing the game, may be 
new to learners, therefore support will be needed. It is important to note that certain 
features within the game offer virtual support as noted in the next section.  
• Learner support  
The lessons also lead learners to external links that provide more clarity and 
explanations if needed. This ensured the understanding of new concepts while using 
Minecraft as a learning tool. These links can also be accessed to learn more about a 
certain concept or gain access to other interactive features that will aid with 
understanding. Trustworthiness, which is an important aspect of the research will be 
discussed in the section. 
3.2.7 Trustworthiness 
3.2.7.1 Orientation 
Trustworthiness is a term associated with interpretivist constructivist paradigm 
(Harvey, 2012). Trustworthiness refers to the credibility of research with the use of 
various criteria and strategies (Korstjens & Moser, 2018). The strategies to be used 
depend on the type of research design or orientation of the study. The best-known 
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criteria of ensuring trustworthiness, defined by Lincoln and Guba (1985) are credibility, 
transferability, dependability and confirmability.  The three strategies relevant to this 
study are addressed in the sections below. 
3.2.7.2 Credibility 
According to Korstjen et al (2018), credibility is the “equivalent of internal validity in 
quantitative research… strategies that ensure credibility are prolonged engagement, 
persistence observation, triangulation and member check (p. 121). Triangulation 
enhances the research process by using multiple approaches (Sim & Sharp, 1998). 
Prolonged engagement can be achieved using follow up questions while persistent 
observation entails developing codes and categories to examine the characteristics of 
data (Korstjen, et al., 2018). Member check is the process of allowing the participants 
to see the interview transcripts and give feedback if any. In this study, methodological 
triangulation (Merriam et al.,2016) was used to gather data by using different data-
collection methods, such as focus group interviews and observations.  
3.2.7.3 Transferability 
Transferability involves a “thick description of participants and the research process to 
enable the reader to assess whether your findings are transferable to their own setting 
(Korstjen, 2018:122). 
3.2.7.4 Dependability 
Dependability is concerned with aspects of consistency and analysing whether the 
process is in line with accepted standards for a particular design (Lincoln et al., 1985). 
Confirmability is concerned with aspects of neutrality to ensure that interpretation is 
not based on researchers’ preferences and viewpoints (Lincoln et al., 1985). The 
strategy that is employed to ensure dependability and confirmability is known as an 
audit trail (Merriam et al., 2016) and entails providing a complete set of notes and on 
decisions taken during the whole research process. This study used an audit trail to 
ensure dependability and confirmability. When engaging with humans, animals and 
the environment, ethical considerations should be addressed (Creswell, 2014). Ethical 
consideration for this study are discussed in the next section.  




Ethical conduct was ensured by explaining to participants and their parents that 
participation was voluntary, and consent was requested (Bryman & Bell, 2007). 
Participants were identified and provided with the following information:  
• Background of the study 
• The intentions of the research project 
• Research procedures and safety precautions to be taken while learners work 
in the IT lab (COVID-19 standard operating procedures) 
• The voluntary nature of the study and possibility of withdrawal 
Data collection and analysis 
The privacy and anonymity (use of pseudonyms) of the school and participants was 
ensured. Interview questions were not offensive, discriminating, or leading (Saunders, 
Lewis & Thornhill, 2012). Participants were edited out of photographs to prevent 
identification. Efforts were made to accurately interpret data and present findings 
without falsification and through consultation with the facilitator during the intervention. 
The transcription raw of data was through one source and the raw data will be kept for 
a period of 5 years. The work of various authors was acknowledged through citations 
and referencing. The study was conducted after obtaining ethical clearance from the 
Research Ethics Committee of the Faculty of Education at UJ with clearance certificate 
number: Sem 1-2020-065 (Appendix A).  
3.3 Chapter summary 
Chapter 1 described the research problem identified in grade 8 Natural Science 
classrooms as well as the lack of research in using Minecraft as a learning tool in 
science. Chapter 2 addressed the different components of the theoretical framework 
which are digital game-based learning, learning theories and pedagogies as well as 
the CAPS used in the intervention. This chapter explained the research design of this 
study and the underlying reasons of choosing it. Data-analysis methods as well as 
issues of how trustworthiness and ethical conduct were ensured were also addressed 
so that findings can be used in further studies. The intervention using Minecraft 
education was explained to indicate the learning objectives that learners had to work 





Findings and Discussion 
4.1 Introduction 
The aim of this study was to examine how Minecraft can be used in learning atomic 
structure in grade 8 Natural Sciences at a private school in Gauteng. The previous 
chapter focused on the research design used in this study. This chapter will focus on 
the analysis of the data, which were collected by means of observations and interviews 
and a discussion of the findings. The findings generated from the data were used to 
form categories as well as sub-categories using Merriam’s constant comparative 
method (3.2.5). These findings are discussed to determine how Minecraft can be used 
to teach atomic structure in grade 8 Natural Sciences.  
Figure 4.1 below gives an overview of data-collection and analysis stages during the 
intervention. In order to answer the research questions (RQ) given in section 1.3, 
learners were divided into four (4) groups to determine if they would have the same 
experiences in learning atomic structure using a digital game. The privacy and 
anonymity of the participants were respected, and they were referred to as given 
below: 
• PF: Participant who is familiar with Minecraft 
• PU: Participant who is unfamiliar with Minecraft 
• PPF: Partial participant who is familiar with Minecraft 
• PPU: Participant who is unfamiliar with Minecraft 
The partial participants’ (PPF & PPU) school attendance was not consistent, and they 
opted for online learning on Microsoft Teams on some days. These learners took part 
in the intervention and interviews when they were at school physically. They were 
included in the study to put them at ease and reduce the feeling of being excluded 
since the participants are minors. This was based on findings by Flanagan, Greenfield, 
Coad and Neilson (2015:3), which indicate that “past exclusions of adolescents from 
research has, had a detrimental effect upon this group, who may be excluded from the 
benefits of participation−not having their voices heard has led to interventions or 
programmes that do not take into account the specific needs of this group.” 
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The two categories which emanated from the analysis of data in line with research 
objectives were: the affordances of Minecraft for the learning of atomic structure (A), 
learner experiences in using Minecraft as a learning tool in learning atomic structure 
(LE) while the third category on difficulties faced by learners when traditional methods 
are used to learn atomic structure (D) was based on the literature which informed the 
background of this study. In figure 4.1, learner experiences (LE) are divided into two 





























4.2 The intervention 
The private school where the study was conducted has computer facilities that are 
accessible to all learners. The layout of the computer lab is shown in figure 4.2 below. 
The red barriers were installed to ensure safety as per COVID-19 safety regulations. 
Lesson plans used for the intervention can be found as appendix C. Learners were 
assigned a computer that they would work on for the duration of the study. 
Demonstrations were projected on the white board when needed.  
 
Figure 4.2: Layout of IT lab facilities used for the intervention 
 
The intervention (3.2.6) was facilitated by the researcher, who is also a teacher at the 
same school. The researcher assumed the role of designing interventions and 
facilitating lessons. The primary role of the researcher was that of an observer while 
learners interacted with the game. The intervention was conducted over a period of 
five (5) days and focus group interviews were conducted on day six (6) of the study. 
The intervention was in the form of lessons attended by learners during school hours. 
The lessons (appendix C) were interactive and promoted discovery and cooperative 
learning (2.5.5). Learners were free to interact with each other as well as the facilitator 
at any given time, which allowed the researcher the opportunity to assume a 






DAY 1: INSTALLATION OF MINECRAFT 
Learners were allocated a computer that they would work on for the duration of the 
intervention. Although the school has the licencing for Minecraft Edu, it was not pre-
installed on the computers therefore, learners had to install it. The class consisted of 
20 learners, but only ten learners were selected for the study. Seven (7) learners 
indicated that they could play Minecraft while thirteen (13) indicated that although they 
knew about Minecraft, they had never played it. Based on consistent physical school 
attendance, five (5) learners from each group were selected, while the others who 
were not consistent were selected as partial participants (4.1) so as to get rich data 
for the study.  
DAY 2: LESSON 1 − ATOMIC STRUCTURE AND ISOTOPES  
The concept of an atom was introduced to learners using a YouTube video and a class 
discussion took place (Appendix C: Table 1). Learners used links from the Minecraft 
Edu website to access the first lesson (give the website link or reference). 
Unfortunately, playing on the existing ‘world’ (3.2.6.1) from Minecraft Edu proved to be 
difficult as some of the features were inactive, thus not allowing learners to collect 
materials. This led to minor changes being made in lesson plans as outlined below. 
Following problems encountered when playing in an existing ‘world’ (3.2.6.1) from the 
Minecraft website, learners were instructed to go on creative mode and build a new 
world. Creative mode (3.2.6.1) was chosen over survival mode since some of the 
learners were not familiar with game mechanics. Lesson objectives (Appendix C) were 
maintained as per lesson plans. Learners used the inventory to find the element 
constructor (3.2.6.1) to create elements and their isotopes, while determining the 
atomic weight of individual isotopes as shown in figure 4.3 below. Moving the sliders 




Figure 4.3: Using the element constructor to create elements 
 
DAY 3: LESSON 2 − CHARACTERISING ELEMENTS  
The lesson started off with some revision of atomic structure (Appendix C: table 2). 
Different definitions of the periodic table were perused and discussed. Learners were 
divided into groups in order to play the elements game shown in figure 4.4, which gave 
learners clues about different elements on the periodic table. Learners were very 
enthusiastic and competitive while playing the game. After the game, learners had to 
collect the different elements on Minecraft and build their own periodic table as shown 
in figure 4.5. 
Figure 4.4: Elements game played by learners and keeping of score throughout the 
game 
Some of the different periodic tables built by learners are shown below. Learners had 




Figure 4.5: Some of the periodic tables built by learners 
DAY 3: LESSON 3 − STRUCTURE AND PROPERTIES OF MATTER  
For this lesson (Appendix C: table 3), learners had to collect blocks that contain oxygen 
and add to one of the picture frames using the material reducer (3.2.6.1). A class 
discussion took place in which learners discussed how atoms can combine in various 
ways. A comparison of two (2) of the same vs two (2) different atoms lead to the 
discussion of molecules and compounds. The different blocks as illustrated by learners 
are shown in figure 4.6 below. 
Figure 4.6: The use of the material reducer during lessons 
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DAY 4: LESSON 4 − STRUCTURES, MODELS AND MOLECULES  
A video of how Molcraft (3.2.6.2) can be used within Minecraft was shown to the 
learners. Since learners had learnt about molecules and compounds during lesson 3, 
they were tasked with creating different molecules and compounds within Minecraft 
(Appendix C: Table 4). Most learners came up with what is shown in figure 4.7 below. 
The challenge with this activity was that learners could not represent the atoms making 
a compound using circles since Minecraft consists of blocks. Scientific conventions on 
the appropriate colour to use for each atom/element were given to learners as 
indicated on the lesson plan. 
 
Figure 4.7: Creating compounds and molecules on Minecraft 
 
DAY 5: LESSON 5 − PROPERTIES OF MATTER  
The lesson (Appendix C: Table 5) started off with a discussion on the different day to 
day chemical reactions that learners know. Some of the examples given included 
making OROS (OROS is a concentrate juice brand that is diluted with water), making 
tea and coffee, the naked egg experiment done in grade 5 and adding Mentos to Coke. 
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From the examples given by the class, each learner had to decide on signs that 
indicate that a chemical reaction has taken place. Some signs given by learners were 
bubbling/fizzing, a colour change and a change in temperature.  
 
One learner used redstone (2.6.3.3.) to indicate a chemical reaction as shown in figure 
4.8 below. The learner had parts of a periodic table built and an electrical circuit was 
incorporated.  
 





The objectives of this study were to explore the affordances of using digital games 
such as Minecraft in learning atomic structure, explore learner experiences in using 
Minecraft as a learning tool and to determine the challenges faced by learners when 
traditional methods are used in learning atomic structure. This section describes the 
analysis of data collected from observations and interviews. 
 
4.3.2 Data analysis 
Open-ended field notes were taken during the intervention and later converted into an 
electronic format (Appendix B 2). Banks (2009) and Prosser (2011) both argue that 
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photographs document social reality and provide evidence in order to construct 
linkages between visuals, trustworthiness and contextualisation. For the purpose of 
this study, artefacts in the form of visual data (self-collected photographs) were 
collected to capture how learners interacted with the game during the intervention. 
These photographs were also collected as evidence to support the researcher’s 
interpretation of the findings to ensure trustworthiness.  
Interviews (Appendix E1) were recorded with a mobile phone and transcribed verbatim 
− translate talk to text (Appendix E 2) by the researcher. The audio recording was 
played numerous times while reading the transcribed interviews to ensure accuracy. 
Although categories were selected in line with the research aim(s) of the study (Babbie 
& Mouton, 2001), the interview transcripts were read a couple of times to better 
understand what the participants were saying (Creswell, 2014).  
Raw data from the interviews was grouped into categories (figure 4.9) using Merriam’s 
(2016) constant comparative method of analysis (3.2.5). In order to understand the 
data collected from interviews and observations, categories were identified (A, LE & 
D) as seen in figure 4.9 and grouped into sub-categories to capture possible recurring 
and intersecting data sets relevant to the study. It is important to note that the 
affordance and learner experience category emanated from observations and 
interviews, while the difficulties category was based on literature findings. Some of 
these difficulties which are detailed in table 2.4 (2.6.4) include: 
• The abstract nature of atomic structure 
• Computational difficulties when calculating the number of neutrons 
• Language complexities 
• Boring nature of science classrooms 
• Misconceptions about science. 
The trend of responses given during the interviews informed the grouping of categories 
and formation of sub-categories as given below 
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Figure 4.9: Categories and sub-categories that emanated from the analysis of data 
4.3.2.1 An overview of findings from observations and interviews 
As mentioned previously, learners who are familiar with game mechanics will be 
referred to as PF while those who are not familiar with the game as PU. Partial 
participants are referred to as PPF and PPU. 
The information in figure 4.11 was informed by field notes (Appendix B 2) which were 
taken during the intervention as well as learner responses during interviews. In order 
to ensure methodological triangulation (3.2.7.2), two data-collection methods were 
employed for this study (Merriam et al, 2016). 
After interviews were transcribed, findings from these interviews and observations 
were used to categorise findings under the two (2) emerging categories given in figure 
4.9 (refer to section 4.3.1) as well as one category (D) which emanated from literature 
and formed the background of this study. Findings will be discussed under the three 
(3) categories given below: 
Categories
A
Affordances of Mincraft or 




Makes learning atomic 












Difficulties in learning 








1. Affordances of Minecraft in learning atomic structure (A) 
2. Learners experiences in using Minecraft as a learning tool for atomic 
structure (LE) 
3. Difficulties faced by learners when learning atomic structure when traditional 
methods are used (D) 
An excerpt from Appendix F 1 is given below (Figure 4.10) to indicate how the raw 
data was analysed to form different categories and sub-categories (4.3.1). Red 
indicates affordances, green refers to learner experiences and yellow refers to 
difficulties faced by learners when traditional methods are used. The first, fourth and 
seventh columns (colour coded) in the excerpt represent the categories. The second, 
fifth and eighth columns represents the raw data used to form sub-categories for each 
category. When describing learner experiences, both positive attributes (LEP) and 
negative attributes (LEN) were considered. It should be noted that when learners refer 
to NS or Natural Sciences in their responses, it mainly refers to learning atomic 
structure since this study mainly focused on using Minecraft in learning atomic 
structure only and not all topics covered in grade 8. 
 




4.3.2.2 Affordances of Minecraft in learning atomic structure (RQ 2) 
Literature suggests that video games can be used to supplement other educational 
media thus making subjects such as mathematics and science easily relatable to 
learners (Fromme, 2012 refer to section 2.6.3.1). Other affordances of digital games 
include making abstract concepts more concrete (Landay, 2016 − 2.6.3.2), an 
improvement in academic marks (Riel, 2016 − 2.6.3.3), collaboration (McGonial, 2011 
− 2.6.4), motivation (Zichermann, 2010 − 2.6.4), deep learning (Brennan et al., 2012 − 
2.5.6) and enjoyment (Martin et al., 2007 − 2.6.2). The findings of the study supported 
some of these affordances and will be discussed in the next sections. 
 
Minecraft makes learning atomic structure enjoyable and fun 
Although most learners enjoyed using Minecraft as a learning tool, some did not.  This 
was confirmed by observations and interviews. This can be seen in the following 
excerpts from interviews as given in table 4.1 below: 
Table 4.1: Learners enjoyed using Minecraft as a learning tool 
Reference (page: line) Raw data 
2:38 (PPF) “More exciting” 
2:44 (PF) “Easier and fun” 
3:50 (PPF) “I enjoyed it” 
4:82 (PPF) “Since it is on the game it is more interesting” 
6:149 (PU) “Using Minecraft to learn NS, I don’t get bored and I enjoy 
playing Minecraft” 
6:150 (PU) “Fun class” 
7:164 (PU) “Really enjoyed it” 
8:195 (PU) “Coz us as teenagers, we enjoy learning and having fun at the 
same time” 
 
The raw data given above represents all four groups of learners who mentioned that 
using Minecraft as a learning tool was fun and enjoyable. This was not the case for all 
learners since some learners who are not familiar with Minecraft (PU) mentioned that 
they would have enjoyed it more if they knew how to play the game and that perhaps 
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if they had been given more time to play around with Minecraft, the experience would 
have even been better. This is confirmed in the comment given by PU 10 (8:195-198): 
“Mam if we knew how to play the game it would be better coz us as teenagers, we 
enjoy learning and having fun at the same time. Like the about the subatomic particles 
using Minecraft would be better and it would uh stick into our heads better” (RQ 3). 
This affordance of Minecraft (enjoyment) was confirmed during observations 
(Appendix B2), as most learners were excited about and enthusiastic about being in 
the computer lab to the extent that they would frequently ask to go to the computer lab 
during Natural Sciences periods. The appearance of words such as “enthusiastic, 
enjoyment and learners in high spirits” in the field notes (Appendix B 2) confirms that 
learners enjoyed using Minecraft in learning atomic structure, thus confirming findings 
from interviews.  
The responses given in table 4.1 alluded to learner experiences when traditional 
methods of teaching are used. Learner responses (PU, PPF & PPU) when traditional 
methods are used were: (PU 9) − “You can move around and do different things and 
also learn NS” (6:154), (PPF 3) −“I am not saying I would do it but most uhm students 
would not sleep while the teacher is explaining. When they are playing a game, they 
won’t sleep coz they are also interacting” (5:108) and (PPU 5) −“instead of having to 
sit still the whole time listening to the teacher” (7:167). 
These comments can be regarded as some of the underlying issues that make 
learning atomic structure as part of NS difficult (RQ 1). The rigidity that comes with 
traditional methods of teaching and the lack of engagement which results in boredom 
when the lesson is teacher centred (5:108) (7:167). The interactivity of games makes 
them suitable for use with teenagers (RQ 2) as mentioned by learners, hence the 
enjoyment “Using Minecraft to learn NS, I don’t get bored and I enjoy playing Minecraft” 
– 6:149 (PU). Based on learner comments which were confirmed by observations, we 
can conclude that Minecraft makes learning atomic structure fun, interesting and better 
(RQ 2 & RQ 3). This comment was common for both players and non-players of 
Minecraft. The use of the word ‘better’ during interviews leads to exploring the second 





Minecraft makes it easier to learn atomic structure 
Another common sub-category derived from interviews was that Minecraft made 
learning atomic structure easier and better. Table 4.2 gives a few examples of such 
comments made by both groups of learners.  
Table 4.2: Learners felt that using Minecraft as a tool to learn atomic structure made things 
easier and better  
Reference (page: line) Raw data 
2:22 (PPF) “Found it easier” 
2:24 (PF) “Found it easier” 
2:40 (PPF) “Colour makes it easier” 
4:90 (PF) “Minecraft would help teachers teach 
better” 
7:178 (PPU)  “Easier to learn NS using Minecraft” 
 
One of the affordances of Minecraft − RQ 2 (1.3), based on the information given in 
table 4.2 is that it made learning atomic structure easier and gave a better learning 
experience (RQ 3) for the learners. According to the learners, the use of colour and 
visuals on Minecraft makes it more interesting and engaging. Although learners who 
were not familiar (PU & PPU) with game mechanisms mentioned that they struggled 
with the game, they still made comments about how the learning experience was 
better. One such example can be seen in the case of PPU 4, who had mentioned that 
he struggled with game mechanics, but he thinks “it is easier to learn NS using 
Minecraft coz it’s like lyrics in a song” (7:178). This was confirmed during observations 
of lesson two (2) and three (3) specifically when the element game was incorporated 
in the lesson. Most learners were observed to have participated more than they usually 
would and did not struggle with giving answers. 
Based on these responses given during interviews which were also confirmed by 
observations, we can assume that since Minecraft makes it easier to learn atomic 
structure it may make abstract learning concepts more concrete for learners. The next 




Minecraft makes abstract concepts more concrete/easily relatable 
According to Landay (2016), learners need transitional objects like Minecraft when 
oscillating between the concrete and abstract way of thinking (2.3.6.2). Minecraft made 
abstract concepts more concrete for the learners who knew how to play the game (PF 
&PPF) based on these responses: (PF 1) −“I found it easier to see the molecules 
instead of reading it” (2:24), (PF 2) −“I thought Minecraft gave us a new perspective 
on how we can see atoms and molecules and know how to identify them on Minecraft” 
(2:25) and (PF 1) −“I found it easier to actually see the nucleus and how the electrons 
go around it instead of reading it” (2:33). The use of the word ‘see’ which is common 
in all three (3) quoted responses makes us conclude that Minecraft made the abstract 
atomic structure more concrete for learners who were familiar with game mechanics. 
This aligns with Johnstone’s (1991) argument that since the concept of an atom does 
not make use of one’s senses, learners may want physical proof (see or feel) to believe 
that an atom exists (2.2).  
During observations, this group of learners was able to investigate real-world 
properties of elements, demonstrated knowledge that atomic numbers correlate with 
the number of protons in an atom, were able to use the compound creator and material 
reducer effectively and correctly (Appendix B 1). These learners were able to display 
the key indicators that abstract concepts were understood by achieving observed 
obstructs for each lesson (3.2.4.2).  
In contrast, this was not the same experience that non-players (PU & PPU) 
experienced as most of them gave the following responses: (PU 10) − “…made it more 
difficult trying to understand the game and learning NS at the same time, the game is 
complicated as is” (7:156) and (PPU 10) − “I was focused on learning the game rather 
than NS” (7:165). Based on the responses given above, not understanding the game 
mechanics takes away from lesson objectives and learning since some learners still 
need to understand the game before engaging to the given activity. Some learners 
(PU) suggested that it would have been better if they knew how to play the game. In 
Appendix B 2, phrases such as “should have started with Minecraft masterclass” and 
“confusion from learners who cannot play the game” confirm these learner responses.  
These contrasting findings indicate that learner experiences and the ability to 
understand abstract concepts, is dependent on familiarity with the game.  
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The use of visuals in Minecraft makes learning atomic structure more interesting 
One of the common comments made by all groups of learners was the appealing use 
of colour and visuals on Minecraft (RQ 2). An attempt was made to find out how this 
was different from their textbooks, which also have visuals and colour. Some of the 
comments given by learners are shown in table 4.3 below. 
Table 4.3: The visuals used in Minecraft appealing for learners  
Reference (page: line) Raw data 
4:82 (PPF) “Since it is on the game, it is more 
interesting” 
8:182 (PU) ‘The one in the game makes you more 
focused, but the one in the book loses 
you’ 
8:192 (PU) “The one in the book is like eehh” 
 
Based on the comments given by learners regarding the use of visuals in textbooks 
vs on Minecraft, we can conclude that the tool itself is appealing to the learners which 
in turn offers a better experience as confirmed by PU 6−”using Minecraft to learn NS, 
I don’t get bored and I enjoy playing Minecraft” (6:149). This is further supported by 
PPF 3: “…students would not sleep while the teacher is explaining when they are 
playing the game” (5:108) as well as PPF 5: “I feel coz it’s a game people will focus 
more, instead of like having to sit the whole time listening to a teacher (no offence)” 
(7:167). Appendix B 2 indicates that learners were mostly enthusiastic during the 
intervention and easily interacted with peers as well− “even shy learners were vocal” 
(Appendix B 2:18/08/2020). Although some of these learners were still trying to 
understand game mechanics, they were very involved and focused during the 
intervention. 
 
The use of Minecraft promotes critical thinking skills 
According to Glaser (2017), critical thinking involves the analysis of facts to make 
decisions. Critical thinking helps with making good decisions and problem solving 
(Rymanowicz, 2016) (3.2.6.2). This skill was mainly observed in learners who were 
71 
 
familiar with game mechanics. An example of this is PPF 3 who chose to build a house 
with a furnace before starting with the task at hand because he believes that a house 
is needed for survival on Minecraft− “You need a house to protect you from other 
creatures” (3:65) and a furnace to “melt the iron ore collected from mining into a metal 
inlet” (3:69). Another learner mentioned that killing animals is important so that one 
can survive: (PF 1) − ”If I didn’t eat in a while in the game, I would get hungry, so that 
reminded me that us as humans, we need to eat to get energy” (3:124). This supports 
Dole and Sinatra’s (1998) argument that teenagers generally have the ability to think 
critically, but this ability needs to be facilitated through scaffolding (2.2). Minecraft also 
teaches life skills as seen from a response made by PPF 3: “…you have to do it for 
yourself…like the life cycle, where you kill, cook, get energy and get killed” (5:126). 
Most learners in this group were observed navigating and troubleshooting (Appendix 
B 1: lesson 4), especially during lesson 4, where compounds were supposed to be 
created. The problem that most learners encountered was the fact that Minecraft uses 
blocks and not circles, hence they had to trouble shoot and think critically about how 
to form circles representing each element when forming molecules.  
This was not greatly displayed by learners who were not familiar with game mechanics 
as their main focus was learning the game. However, these learners did explore game 
features in trying to build things like the periodic table and finding isotopes.  
 
The use of Minecraft is conducive for collaboration and motivation 
Constructivism is centred around learners being actively engaged in their learning 
through collaboration in order to make meaning (2.5.1). Since different groups of 
learners were selected for the study, one of the objectives was to observe how they 
would work together to achieve lesson objectives. The use of the elements game 
(figure 4.4) required that the learners work in teams which fostered collaboration as 
well as motivation to win as seen by following responses: (PF 1) “I am quite 
competitive…the game made me think about all the things I learned” (3:48), (PPF 1) 
“I enjoyed it mam, coz I don’t like losing” (5:50). During the intervention, it was 
observed that learners worked together and assisted each other without being 
prompted by the facilitator (Appendix B 2: 6/08/2020 &12/08/2020).  
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Another instance of intrinsic motivation can be seen in the case of PPU 6, who 
struggled to build a periodic table during class (figure 4.11), but sent a completed 
periodic table completed at home over the weekend via Microsoft Teams (Figure 4.12). 
Based on such unprompted actions from learners one can argue that using games as 
a learning tools allows learning to extend beyond formal contexts (2.5.4). 
 
Figure 4.11: First attempt by PPU 6 at building the periodic table in class 
 
Figure 4.12: Second attempt by PPU 6 at building the periodic table at home 
This also shows that using Minecraft as a learning tool leads to discovery and 
exploration “I wanted to figure out how to things like building a periodic table” (PPU 6). 
Motivation was confirmed with the incorporation of the element game, where learners 
were competitive with each other. The affordances discussed above somehow alluded 
to learner experiences−which were not the same for the learners involved. These 
experiences are explored in detail in the next section. 
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In chapter 2 (2.6.4), the affordances of Minecraft derived from literature were 
summarised. In figure 4.13 below, Literature findings are compared to findings from 
the intervention regarding the use of Minecraft as a learning tool. The left-hand side of 
the figure (red) refers to literature findings regarding the use of Minecraft as a learning 
tool in various disciplines. The right-hand side of the figure (blue) refers to the 
affordances of Minecraft according to learners’ experiences of the intervention.  It is 
evident that most of the affordances derived from literature were confirmed during the 
intervention.  
 
Figure 4.13: A comparison of the affordances of Minecraft as a learning tool derived 




4.3.2.3 Learner experiences of using Minecraft to learn atomic structure (RQ 3) 
One of the process skills from the CAPS (NS) is providing learners with a learning 
environment that taps into their curiosity about the world while supporting creativity 
(DBE, 2011), which is why a digital game was chosen as a learning tool. Since this is 
a qualitative study, the aim was to gain understanding on learner experiences in using 
Minecraft as a learning tool. In order to better understand these experiences, two (2) 
sub-categories have been formed under the learner experiences category (negative – 
LEN and positive – LEP) as seen in figure 4.14 below. Positive experiences are given 
in blue on the left-hand side.  Words such as fun, enjoyment, interesting and not boring 
were common for all groups during observations and interviews and have been 
grouped together. Although some of the learners who were not familiar with game 
experiences indicated that they did not fully enjoy using Minecraft (LEN), they did 
indicate that some parts were enjoyable (LEP). The positive learner experiences 
interlink with and confirm the affordances discussed in section 4.3.2.2, such as 
enjoyment and the fact that Minecraft makes it easier to understand atomic structure. 
The orange section on the right-hand side refers to negative experiences for the four 
groups of learners. Although all the given groups of learners have different negative 
experiences, it can be seen in figure 4.14 that the game can take away from 
pedagogical content from all groups. This can be due to having to focus on learning 
the game (PU & PPU) or overexcitement in wanting to explore other features which 






Figure 4.14: Learner experiences when Minecraft is used in learning atomic structure 
Figure 4.15 below gives an overview of how learners interacted with the game and 
shows the intersecting sub-categories from the affordances and positive learner 
experiences. Learners who were familiar with game mechanics could easily find 
features such as craft stations (3.2.6.1) and manoeuvre around the game, while those 
who were not familiar experienced difficulties, which supports concerns raised by 
Whitton (2014), who argued that learners who lack game literacy may struggle when 
a digital game is used as an educational tool. Exploring (discovery) and cooperative 
learning (2.5.5.3) were commonalities observed (figure 4.10) from the four groups 
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during the intervention which supports views from social (2.5.3) and radical (2.5.2) 
constructivism which are components of the theoretical framework for this study (2.1). 
During the analysis of data collected through observations and interviews, it became 
evident that some of the learner experiences confirmed the affordances of using 
Minecraft as a learning tool. Affordances that can be linked to positive learner 
experiences include collaboration and motivation, better understanding and enjoyment 
as given in figure 4.15. 
 
Figure 4.15: An overview of the common affordances and learner experiences 
between the four groups of learners based on observations and interviews 
 
Piaget (1962) and Vygotsky (1978) were advocates of learning through play (2.5). In 
figure 4.14, which is based on participants responses during interviews, it can be 
deduced that both groups of learners found using Minecraft as a learning tool fun and 
interesting. Although some learners who were not familiar with game mechanics (PU) 
indicated that they did not enjoy this experience, they still mentioned that it was better 
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than traditional methods−”coz it’s a game, people focus more instead of having to sit 
still the whole time listening to a teacher” (7:164). This sentiment was reiterated by 
learners who were familiar with game mechanics (PF): “most students would not sleep 
while the teacher is explaining…when they are playing the game, they won’t sleep coz 
the game is interacting” (5:108). This aligns with Rieber’s (2004 refer to section 2.5.1) 
argument that the playful and interactive nature of using a digital game such as 
Minecraft allows learners to formulate knowledge through their own perspective and 
provides a better learning experience. 
The affordances of Minecraft and learner experiences given by literature (2.6) which 
were confirmed by learners through interviews and observations are that Minecraft 
offers a fun and enjoyable learning environment (all groups) while making abstract 
concepts more concrete for grade 8 learners (PF & PPF). Other affordances and 
experiences confirmed were that Minecraft makes atomic structure easily relatable (all 
groups), fosters collaboration and motivation (all groups) and critical thinking (PF & 
PPF). Although it was noted that learners who do not understand game mechanics did 
not enjoy it as much due to frustrations of learning the game, most of them still 
indicated that this was better than having a teacher stand in front of them. The next 
section looks at some of the difficulties faced by learners when learning atomic 
structure using traditional methods (as identified in section 1.2) and relate these to the 
affordances of Minecraft and learner experiences that emanated from this study. 
4.3.2.3 Difficulties in learning atomic structure using traditional methods (RQ 
1) 
In section 1.2 the background that informed the study alluded to the different factors 
that can cause difficulties in learning atomic structure. Some of these include: the 
abstract nature of atomic structure, the way learners are taught (Driver & Easley, 
1978), science language complexity (Millar, 1991), stereotypes about learning science 
(Semeon, 2014), lack of interest and attention (Von-Rhöneck, Grob, Schnaitmann & 
Völker, 2007) and the application of mathematics in learning science. Some of these 
factors will be explored below and related to the affordances and learner experiences 





The way learners are taught 
A study conducted by Rohandi (2017, refer to section 1.2), indicates that most learners 
find science difficult due to the uninteresting activities and due to their perceptions of 
the difficulty of science concepts. Iwuanyanwu (2019:2) argues that “traditional 
pedagogical practice can no longer manage the speed of today’s learners’ life world” 
(1.2). Based on findings given in previous sections (4.3.2.1 & 4.3.2.3) it can be 
concluded that Minecraft makes learning atomic structure more interesting for all 
groups of learners (PPU, PU, PF & PPF) based on observations and learner 
responses during interviews. Learners were more enthusiastic (Appendix B 2) and 
indicated that they found learning using a game better than sitting in front of a teacher 
and listening the whole time. Learners also mentioned that they found using a digital 
game fun and interesting since it made it much easier to understand concepts since 
they could see the features in 3D on Minecraft. It can be deduced that learning through 
play is more appealing to teenagers and encourages them to participate in class.  
 
The application of mathematics in learning science 
In section 2.4.1 it was explained that calculations are important when learners need to 
work out the number of neutrons for a specific element on the periodic table. However, 
some learners find computation difficult (refer to section 1.2). One affordance of 
Minecraft that can alleviate this problem is the use of features like the element 
constructor (3.2.6.1) on Minecraft, where learners do not have to worry about 
mathematically manipulating numbers given since this happens automatically when 
they move the sliders. This also demonstrates the concept of isotopes perfectly. 
Learners who were familiar with game mechanics (PF) responded as follows about 
the using this craft station (3.2.6.1) on Minecraft: 
“we put the element in the table, and it became another element” (2:19) 
“It’s easier to understand…like when you put the thing on the circles” (2:22)  
Although the learners could not call the craft station by its name, they could recall the 
use and purpose of this feature during the interviews. Learners who were not familiar 
with game mechanics (PU) had a similar experience as noted below: 
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“The book is like, you put the book down and it gets complicated in your head” 
(8:187) 
“…coz in the stuff that we did with the elements and compounds I learned that 
certain particles go in certain areas of the atom and that you can join elements 
together and form something else” (7:169) 
During lesson one (1), it was observed that none of the learners struggled with 
computation, since they had to use the element constructor to create elements and 
their isotopes. All the learners were able to determine the atomic weight of atoms, 
number of neutrons and isotopes for each element (Appendix B 1). The observed 
constructs given above confirm that computation may be a problem in learning atomic 
structure, but craft stations on Minecraft can alleviate this problem. We can conclude 
that although some learners were not familiar with the game, they still felt that the 
game somehow made learning atomic structure less complicated since they did not 
have to worry about reading from a book but could perform these functions by clicking 
a button. Based on observations and learner experiences, Minecraft can alleviate 
some of the difficulties faced by learners when learning atomic structure in grade 8. 
 
4.4 Discussion 
Despite the growing importance of science in our lives, literature shows a continuous 
decline in the number of learners who chose scientific subjects in high school and 
those who later pursue careers in STEM (science, technology, engineering and 
mathematics) (Osborne, Simon & Collins, 2003). Some of the underlying issues that 
lead to this problem are misconceptions about science (1.2), STEM language speech 
complexity (1.2), the abstract nature of scientific concepts (Johnstone, 1991) 
computation in science and the uninteresting nature in which lessons are presented 
(1.2) to name a few.  
Based on the difficulties in learning atomic structure mentioned above, it became 
evident that new methods of learning may have to be employed in teaching 21st 
century learners while keeping to guidelines in the CAPS. Since this study was 
underpinned by social and radical constructivist views, learning through play 
(Minecraft) was deemed as a suitable starting point. Minecraft was deemed a suitable 
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learning tool for the study because video games have gained popularity among 
teenagers and have been used effectively in the past (Bradshaw & Lowenstein, 2007). 
However, it was also important to consider that some teenagers may lack game 
literacy (Whitton, 2014), which is why different groups of learners with different game 
literacy levels were chosen for the study.  
The affordances of Minecraft such as the use of visuals which makes it easier to 
understand abstract concepts (RQ 2) can be used to eliminate the notion that these 
abstract concepts cannot be understood. The playful nature of the game (RQ 2) makes 
science classrooms less boring (RQ 1) and more fun (RQ 3). This aligns well with 
Johnstone’s (1991) argument that learners may want physical proof (see/feel) for them 
to believe that an atom exists. The use of visuals and craft stations in Minecraft allows 
learners to ‘see’ these atoms and ‘feel’ as though they can touch them. These 
affordances make us conclude that Minecraft can be used as transitional object when 
learners are still oscillating between the concrete and abstract way of thinking 
It cannot be denied that using a game as a learning tool will have positive and negative 
effects (RQ 3). Based on learner experiences (RQ 3), learners who lack game 
literacy may not enjoy using digital games as much as those who are literate, which 
confirms findings by Whitton (2014). Although learners who are not familiar with game 
mechanics indicated that they still preferred using Minecraft instead of sitting still and 
listening to a teacher, measures would have to be taken to familiarise all learners with 
game mechanics before fully using Minecraft as a learning tool. Learners end up 
focusing more on trying to learn game mechanics instead of focusing on lesson 
objectives, while those who are familiar with game mechanics get carried away with 
exploring other features of the game not related to the lesson. This aligns with the 
constructivist view in that when learners actively interact with the environment, it 
provides them with a better experience (Rieber, 2004). Based on this, we can conclude 
that Minecraft offers a fun learning environment for learners, however, certain 
measures such as learner training and facilitation are important to ensure that learning 
takes place.  
With the world rapidly changing and becoming more digitalised, our teaching methods 
must evolve in order to make learning experiences appealing for 21st century learners 
(RQ 1). Minecraft can be used along with some form of instruction to alleviate such 
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difficulties. Figure 4.16 shows how the three research questions intersect and relate 
with other. In figure 4.16, the first section (black) refers to the affordances of Minecraft, 
the second section (blue) refers to learner experiences when Minecraft is used as a 
tool in learning atomic structure. The branches (sub-categories) below each section 
(category) are based on findings from observations and interviews. Section three (red) 
refers to the difficulties in learning atomic structure from literature findings which 
formed the basis of the background for this study. Findings revealed that the 
affordances and learner experiences that come with using Minecraft as a learning tool 
can alleviate some of the difficulties in learning atomic structure. In order to show the 
relationships between the three categories, dotted were used and colour coded as 
follows: 
• Blue − Minecraft makes abstract concepts (specifically the atomic structure) 
more concrete 
• Black − Minecraft alleviates the boring nature of science classrooms 
• Orange − Minecraft reduces misconceptions about science 





Figure 4.16: Representation of findings (summary) 
From this figure 4.16, we can see that Minecraft makes abstract concepts (more 
specifically atomic structure) more concrete and easier to understand through the use 
of visuals which offer more detail and are appealing to grade 8 learners. When learners 
better understand scientific concepts, it reduces misconceptions about atomic 
structure. The craft stations (3.6.3.2) available on Minecraft allow learners to use 
sliders to find the number of neutrons and isotopes associated with each element, 
therefore this reduces computational stress on the learners. Minecraft offers a better 
(more stimulating) learning environment compared to traditional classrooms as it is not 
as rigid and brings an element of enjoyment in science classrooms, thus doing away 




Among topics taught in grade 8 Natural sciences, the atomic structure is central to the 
study of chemistry, but the abstract nature of the topic makes teaching and learning 
difficult (Mokiwa, 2016). Since video games (learning through play) are easily 
accessible to learners, their potential to be used as learning tools was of interest. This 
study aimed to examine how Minecraft can be used in learning atomic structure in 
grade 8 Natural Sciences. This chapter focused on the collection and analysis of data, 
as well as the findings. To ensure trustworthiness, two (2) data-collection methods 
were used (interviews & observations). The four groups of learners did not have the 
same experiences while using Minecraft as a learning tool, but it was also evident that 
most of their experiences can be considered as ‘shared’ experiences. The discussion 
grouped the findings into three main categories based on these research questions: 
1) affordances of Minecraft as a learning tool, 2) learner experiences of using Minecraft 
as a learning tool and 3) difficulties faced when using traditional methods to learn 
atomic structure. Findings proved that some of the affordances of Minecraft as well as 
learner experiences can lessen some of the problems/difficulties faced by learners in 
atomic structure. The next chapter will deal with the summary of the study and state 












Summary and recommendations 
5.1 Introduction 
The previous chapter focused on findings, results and the discussion. This chapter is 
based on the conclusion obtained from the study and the recommendation(s) for 
further research. 
 
5.2. A brief review of the problem statement, research strategy and research 
methods 
This section reviews the problem statement and research methodology in order to 
understand the conclusion drawn for the study. 
5.2.1 Problem statement 
In section 1.2 it was indicated that among topics taught in grade 8 Natural sciences, 
the atomic structure is central to the study of chemistry, but the abstract nature of the 
topic; makes teaching and learning difficult. Contributing factors may include learner 
misconceptions which were developed from early stages of their education as well as 
resistance to new methods of learning (1.2). These new methods of learning may 
include using video games such as Minecraft in the educational setting. This 
application of game-based features in non-game contexts is called gamification. 
 
Literature indicated that using Minecraft in science education has educational benefits 
in both the formal and informal learning context (Steinbeib, 2017). There is little 
research on how Minecraft can be used as a tool in learning the atomic structure and 
related concepts in grade 8 Natural Sciences specifically. In order to address this 
problem, this study explored how Minecraft, which is a video game, can be used as a 
tool in learning the atomic structure and related concepts in grade 8 Natural Sciences. 
The study was based on the following research questions (RQ) (1.3) 
1. What underlying factors make learning the atomic structure difficult? 
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2. What are the affordances of Minecraft in learning atomic structure in grade 8 
Natural Sciences? 
3. What are learners' experiences, including challenges if any, when using 
Minecraft to learn the atomic structure in grade 8 Natural Sciences? 
5.2.2 Theoretical framework   
In chapter 2, it was indicated that the theoretical framework chosen for this study is 
made up different components, namely digital game-based learning, the CAPS (2.3) 
and various learning theories related to radical (2.5.2) and social (2.5.3) 
constructivism. The crucial component of the framework is digital game-based 
learning, which incorporates aspects of gamification since Minecraft (a digital game) 
will be used as a tool in learning the atomic structure. Other components related to 
learning that underpin this study include the CAPS, which serves as a guideline for 
prescribed content and assessment in Natural Sciences. The components of the 
framework also include relevant learning theories and pedagogies in science 
education which will help us better understand how learners retain, absorb and 
process abstract learning content (information). An intervention using Minecraft was 
aligned with the above-mentioned aspects/components.  
5.2.3 Research design and methodology 
A qualitative research approach underpinned by an interpretivist paradigm was 
adopted for this study, since the aim of was to investigate learners’ experiences of 
using Minecraft as a learning tool (3.2.1). The intervention was underpinned by social 
and radical constructivism learning theories since a digital game (learning through 
play) will be used as a learning tool. 
In chapter 3, it was indicated that the study will be conducted with a group of grade 8 
learners who were observed and interviewed at a South African private school (3.2.2). 
Learners were selected based on their familiarity with Minecraft game mechanics. The 
learners were divided into four (4) groups, based on familiarity with Minecraft game 
mechanics. Parental consent and learner assent were obtained prior to conducting the 
study (3.2.3). 
Since the school follows the CAPS (2.3), it was used as a guideline for the planning of 
lessons and pedagogical content. Although some direct instruction and demonstration 
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was used during the study, the lessons were mainly learner centred. A total of five (5) 
lessons were conducted with the learners using Minecraft.  
Focus group interviews (3.2.4.1) as well as an observation (3.2.4.2) protocol were 
used to determine how Minecraft can make concepts such as the atomic structure 
more concrete for grade 8 Learners. To ensure trustworthiness, methodological 
triangulation (Merriam et al.,2016) was used to gather data by using different data-
collection methods, such as focus group interviews and observations. During 
observations, specific constructs such as the ability to construct elements, compounds 
and building the periodic table were focused on (Appendix B1). 
 
The type of data-analysis method chosen in research is informed by the type of 
research approach and for this study, Merriams’ (2016) comparative method of 
analysis was used to analyse raw data. This entails “comparing one segment of data 
with another to determine similarities and differences, where data is grouped together 




The study examined how Minecraft can be used in learning atomic structure in grade 
8 Natural Sciences (1.3). This investigation was made in order find out how Minecraft 
can make atomic structure more concrete in grade 8 Natural Sciences (1.3). The 
results and findings discussed were based on whether the study provided answers to 
the three (3) research questions (1.3). 
5.3.1 Introduction  
The findings were discussed according to these three issues: 
• Difficulties faced by learners when learning atomic structure using traditional 
methods.  
• Affordances of Minecraft as a learning tool. 
• Challenges or experiences of learners while using Minecraft as a learning tool.  
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5.3.2 Findings in terms of the Difficulties faced by learners when learning atomic 
structure using traditional methods.  
During interviews and lesson observations, it was evident that most learners find 
traditional methods of teaching which include reading, writing and listening to the 
teacher to be quite boring (table 4.1). The rigidity that comes with traditional methods 
of teaching, whereby learners cannot move around, causes learners to lose focus and 
fall asleep due to boredom (4.3.2.2). These can be regarded as some of the underlying 
factors that make atomic concepts difficult to learn for learners (RQ 1). The visual aids 
in games provide better learning experiences for learners (RQ 2). Built-in features 
within Minecraft, such as the element constructor eradicates the issue of computation 
which makes it easier for learners who have numerical challenges. Diversifying 
science classrooms such that they are fun and more engaging is important for 21st 
century learners.  
5.3.3 Affordances of Minecraft 
Interviews conducted with the learners as well as learner observations during the 
intervention revealed that the use of games was a preferred method of learning atomic 
structure (table 4.1). When Minecraft was used as a learning tool, even the quiet/shy 
learners readily participated and seemed to enjoy the lessons (Appendix 
B2:18/08/2020). The visuals and use of colour on Minecraft provided more detail (table 
4.3) for the learners and made it easier (table 4.2) to understand abstract scientific 
concepts (specifically atomic structure). Minecraft also fosters critical thinking and 
motivation, especially if learners are familiar with game mechanics. Learner centred 
lessons using a game allowed for discovery, exploration and cooperative learning as 
learners readily assisted each other and worked together (RQ 2). Table 5.1 below, 











Table 5.1: A summary of findings from the intervention 
Minecraft holds the following affordances for learning atomic structure: 
1. It makes learning atomic structure enjoyable and fun 
2. It makes it easier to learn atomic structure 
3. It makes abstract concepts more concrete/easily relatable 
4. The use of visuals in Minecraft makes learning atomic structure more 
interesting 
5. It promotes critical thinking skills 
6. It is conducive for collaboration and motivation 
7. it is useful for students with computational difficulties. 
 
5.3.4 Challenges and experiences of learners while using Minecraft  
The four groups of learners did not have the same experiences (4.3.2.3) in using 
Minecraft as a learning tool, however most of their experiences were shared 
experiences. Learners had both positive (LEP) and negative (LEN) experiences in 
using Minecraft to learn atomic structure and these experiences were determined by 
their familiarity with game mechanics. Findings obtained through interviews and 
observations, were that Minecraft is better than traditional methods of teaching since 
it is more engaging (RQ 2 & RQ 3). The use of colour and having fun while learning 
was very appealing to all groups of learners. Learners who are not familiar with game 
mechanics found that learning how to play the game and learning atomic structure at 
the same time was challenging (RQ 3). Learners need to be reminded about sticking 
to lesson objectives while playing the game since they easily get distracted, thus 
facilitation is important. 
 
5.4 Conclusion in terms of the study 
This study is valid since more than one way of collecting data was used (Merriam, 
2001:202). This means that the findings can be transferable in similar educational 
contexts. Research findings were discussed with the learners after conducting 
interviews, thus the researcher believes that the results are dependable and can be 
used for further studies.  
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From the observations and interviews conducted, it was clear that the game provided 
a better learning experience for the learners. Learners noted that the use of colour and 
visuals on Minecraft made it easier to focus, understand and enjoy learning atomic 
structure as part of Natural Sciences. Although some challenges were encountered by 
learners who were not familiar with game mechanics, it was evident that this was still 
the preferred method of learning as opposed to traditional methods which were 
described as ‘boring’. Using Minecraft as a learning tool in atomic structure 
encourages learning through discovery and fosters a community of inquiry among 
learners, as such this tool can be considered for the use in teaching abstract concepts 
like atomic structure.  
 
5.5 Limitations of the study 
The limitations of the study are as follows: 
1. Working with technology may prove to be unreliable. This study required the 
use of school computers, which were out of order for quite some time and in 
turn delayed the data collection process. To eradicate this problem, learners 
were asked to download the application (app) on their phones but found that 
Minecraft Edu is not compatible with mobile phones, so it could not be 
downloaded. A good technical support and maintenance team may be required. 
2. Playing on the ‘support world’ from the Minecraft Ed website was difficult since 
some features were disabled, thus not allowing the collection and use of certain 
items. This resulted in changes being made to lesson plans, such that learners 
created a new world and played on creative mode. 
3. Learners who are not familiar with game mechanics were a bit confused and 
frustrated at times. This made these learners concentrate more on learning the 
game than learning atomic structure. In order to eradicate this problem, training 
of some sort should be made available so that learners start off on equal footing 
and to ensure that focus is on pedagogical content instead of learning the 
game.  
4. In terms of using the game as a learning tool, caution should be taken as some 
of learners get too excited about the use of a new learning tool and start 
exploring other things not related to the lessons. Facilitation is needed to ensure 
that learners stay on track. 
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5.6 Recommendations for further study 
Recommendations are to study how Minecraft can be used in other strands, disciplines 
and specifically, how Minecraft can be used in computer coding since it may be an 
important skill for 21st century future workplaces. However, the following should be 
noted: 
•  A good technical support and maintenance team may be required. 
• Training of some sort should be made available so that learners start off on 
equal footing and to ensure that focus is on pedagogical content instead of 
learning the game.  
• Facilitation is needed to ensure that learners stay on track. 
 
5.7 Concluding remarks 
Diversifying the way atomic structure is taught in schools is very important. Since 
atomic concepts are introduced in grade 8, it is important to ensure that learners are 
well engaged and stereotypes about ‘science’ are eradicated. The use of digital games 
such as Minecraft can make abstract concepts such as the atomic structure more 
concrete since games are more engaging. If all the learners understand game 
mechanics, this can lead to better learning experiences for all learners. There is also 
a need to ensure that lesson objectives aligned with the CAPS are clear at the start of 
each lesson and for facilitation to take place so that learners do not get carried away 
by playing the game. Using Minecraft may also be beneficial for schools who do not 
have a science lab or science equipment, since the laboratory table feature may be 
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Participant(s):         Date:     
Player experience:       
Key indicators that learners understand abstract concepts which will also be observed: 
problem solving, explaining concepts, analysing concepts and creating new things. 
LESSON 1: ATOMIC STRUCTURE AND ISOTOPES 




   
 
Not achieved Moderate Satisfactory Achieved 
Use of the element 
constructor to 
create elements 
and their isotopes 
    





    
 Learner can only 
recall info (B1) 
Learner can explain 





correlate with the 
number of protons 
in the atom 
  
 Recall (B1) Explain (B2) Apply (B3)  
Determine the 
atomic weight of 
atoms of individual 
isotopes 
   
 Define atomic 
concepts (K) 
Critical thinking (S) Synthesis (S) Curiosity (A) 
KSAs achieved 
(tick) 













Participant(s):         Date:     
Player experience:       
 
LESSON 2: CHARACTERIZING ELEMENTS 
 Low Medium High  
Level of 
involvement  
   
 
Not achieved Moderate Satisfactory Achieved 
Create or obtain 
elements using 
Minecraft features 
    
 
Explain (B2) Apply (B3) Analyse (B4) 
Evaluate and create 
(B4-B5) 
Investigate real-
world properties of 
elements and begin 
to use those that 
influence their 
element table 
    
 Recall concepts and 
give answers during 
the game (B1)  
Play the element 
game card 
 
 Table built with no 
arrangement 
pattern 
Some parts of the 
pattern make sense 
Most parts of the 
arrangement 






the periodic table 




Collaboration (S) Creativity (S) Enjoyment (A) 
KSAs achieved 
(tick) 
    










Participant(s):         Date:     
Player experience:       
 
LESSON 3: STRUCTURE AND PROPERTIES OF MATTER 
 Low Medium High  
Level of 
involvement  
   
 No oxygen 
containing 
materials found 






Use the material 




   
 
No blocks added 
Only a few blocks 
added  
Most blocks added  
Add oxygen 
containing blocks 
to fill picture frame 
   
 Learner can explain 
basic concepts (B2) 
Concepts explained 
with examples (B3) 
Concepts explained 







with each other in 
various ways 
   
 Concept of matter 
and atoms (K) 







    












Participant(s):         Date:     
Player experience:       
 
LESSON 4: STRUCTURES, MODELS AND MOLECULES 
 Low Medium High  
Level of 
involvement  
   
 
Learner could not 
create model 
2-3 models created 
(colours not adhered 
to as per scientific 
conventions) 
5 models with 




More than 5 
models with 






    




 Learner inquiry 
during the lesson 
  
 







    
 
Understanding 























Participant(s):         Date:     
Player experience:       
 
LESSON 5: PROPERTIES OF MATTER 
 Low Medium High  
Level of involvement     
 
Not achieved Moderate Achieved 
Use of compound 
creator to make 
different 
molecules/compounds 
   
 
Recall what an 





Recognise and give 










Explain the difference 
between a chemical 
and physical reaction 
   
 
Not achieved Moderate Satisfactory Achieved 
Discuss whether 
chemical reactions 
occur when new 
elements are used, 
and which parts react 












KSAs achieved (tick)    




























) • Installation of Minecraft Edu 
• A few technical issues 
• Identification/selection of learners 






















• A bit of confusion from learners who cannot play the 
game 
• Community of inquiry among learners (asking for help, 
assisting others and discovery) 
• Some learners still trying to understand game controls 
or mechanics 
• Lesson 1, first attempt = fail ☹  
• Lesson 1 done on creative mode (lesson objectives kept 
as per lesson plans) 
• Learners very enthusiastic 




























• Learners in high spirits 
• Elements game card= HIT! 
• Learners getting better at playing the game 
• Enjoyment and enthusiasm 
• Participation 























• Most learners struggling to create different molecules 
since Minecraft uses blocks ( vs •) 
• Easier to play on the phone (comments from learners as 
they play) 
























• Most learners coping 
• Enthusiasm 
• Exploration of various features from learners 
• Different reactions 





The sequence of lessons was structured in line with the CAPS prescribed content. The knowledge, skills and attitudes (KSAs) are 
detailed in chapter 2 (2.3.4) as well as in chapter 3 (3.2.6.2).  Both formal and informal learning (2.5.4) were used during the learning 
process. The main component of the theoretical framework (digital game-based learning) informed the structuring of the lessons. The 
use of Minecraft and its educational features and craft stations covers the DGBL (2.5.5.4) aspect of the intervention. Inquiry-based 
learning is a pedagogy that advocates for independent learning through problem solving and discovery (Friesen & Scott, 2013). 
Teaching pedagogies were mainly informed by radical and social constructivism, although certain aspects of behaviourism were also 
used. Formal assessments did not form part of the lessons, but informal assessments were used during the lessons (quizzes, class 
discussions and observations). 
Please note:  
Pedagogy associated with social constructivism (2.5.3) 
• Cooperative learning; which includes group work, discussions and debates (2.5.5) 
• Discovery learning (DBL 2.5.5.3) 
• Inquiry (IBL 2.5.5.1)  
Pedagogy associated with radical constructivism (2.5.2) 
• Problem solving (PBL 2.5.5.2) 
• Reflection (2.5.2) 
Pedagogy associated with behaviourism (3.2.6.2) 





Bloom’s taxonomy (figure 3.7 in section 3.2.6.2), which is a hierarchical ordering of cognitive skills was used to inform successful 
teaching practices and to optimise learning. Numbers (B 1−6) will be used in the lesson plans to indicate the cognitive level as per 
Bloom’s taxonomy. The number 1 will refer to remembering (lowest level) and 6 will represent the highest level which is creating.  
 
Table 1: lesson 1 
 
1. Subject: Natural Sciences (Atomic structure and isotopes) 
Date:  




Understand that atoms are made up of three sub-atomic particles and that 
elements are defined by the number of protons in their nucleus 
 
• Atom, element, sub-atomic particles (K) 
• Critical thinking (S) 
• Synthesis (S) 






• Minecraft Education (DGBL) 
• Element constructor (figure 3.1 in section 3.2.6.1) (DGBL) 
 
 
• An element has the same number of protons and electrons 
• The atomic number of the element is the same as the 
number of protons it has 
• The atomic mass of an atom is the sum of the mass of all 
its protons, neutrons and electrons 
• The number of neutrons in an atom can vary 
• Isotopes have the same chemical properties as each other, 
but different physical properties 
Activities 
Pedagogy: cooperative learning and IBL 
Observed constructs (informal assessments) 
Learner activities (individual and cooperative) 
• Using the element constructor to create elements and their 
isotopes. (DGBL)  
(IBL) 
• Use the compound creator to make molecules with different 
isotopes (individual) 
• Discussion of atomic models (class discussion) (B2) 
 
Teacher activities  
• Introduce topic and give learners 15 minutes to read about the 
history of atomic models given and discuss findings as a class 
(http://www.compoundchem.com/2016/10/13/atomicmodels/) 
(direct instruction) 
• Show video clip (https://youtu.be/EvtkuEESJOA) describing an 
atom, its subatomic particles, their mass and location 
(demonstration) 
• Successfully use the element constructor to create an 
element and an isotope (DGBL) (B6) 
• Demonstrate knowledge that atomic numbers correlate with 
the number of protons in the atom (B2) 






















Table 2: lesson 2 
 
2. Subject: Natural Sciences (Characterising elements) 
Date:  




• Become familiar with different properties of 
elements 
• Develop a way of characterizing elements based 
on their chemical and physical properties 
• Element and periodic table (K) 
• Understanding (K) 
• Collaboration (S) 
• Creativity (S) 




• Minecraft Edu (DGBL) 
• The periodic table https://www.rsc.org/periodic-
table 
https://youtu.be/72vwtrJxUTY (ICT) 
• Minecraft element constructor (DGBL) 
• Periodic table song 
https://youtu.be/VgVQKCcfwnU  
 
• The atomic number and mass of elements can be found on the periodic table 
• Element blocks are coloured according to the region of the periodic table that 
they inhabit (three main groups) 
 
Activities 
Pedagogy: IBL and cooperative 






• Create or obtain elements using the features of 
Minecraft (DGBL) (individual) 
• Learners then investigate real world properties of 
elements and begin to use those to influence their 
element tables (B4) (individual)  
(IBL-Investigating real wold properties, finding 
answers to the problem and  
making sense of the arrangement of elements 
and coming up with own representation)  
• Play the elements game card 
(https://drive.google.com/file/d/1tDWukNdYdcOzc-
O_Y3-dx2CG_mg-BQ6Z/view?usp=drivesdk) 
(group work) (B1) 
 
 
Teacher activities  
• A revision of prior knowledge (atom) (direct 
instruction) 
• Play video (https://youtu.be/72vwtrJxUTY) 
• Explore the definition of the periodic table with 
learners − a chart containing information about the 
atoms that make up all matter (direct instruction) 
• Keep score while learners play the game in 
groups (observation & informal assessment) 
• Observe as learners build their own table of 
elements and offer remediation if needed 
(informal assessment) 
• Build a table of elements based on Minecraft and real-world features (DGBL) 
(B6) 
• Build a representation of the periodic table (DGBL) (B6) 
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Table 3: lesson 3                 
      
 
 3. Subject: Natural Sciences (Structure and properties of matter) 
 
Date:  




• Explore the structure and properties of matter 
• Understand that substances are made from different 
types of atoms, which combine with one another in 
various ways 
 
• Matter (K) 
• Atoms (K) 
• Chemical reaction (K) 
• Critical thinking (S) 
• Problem-based learning (S) 
• Curiosity (A) 




• Scavenger hunt world file https://aka.ms/elementhunt  
• Minecraft material reducer (3.2.6.1) 
• Camera option to take pictures 
 
• Matter is composed of different types of atoms and that these atoms 
compose different gases 




Pedagogy: IBL  
Observed constructs (informal assessment) 
Learner activities (Individual) 
• Learners use the material reducer to find as many 
materials that contain oxygen (DGBL) 
Demonstrate understanding that substances are made from different types of 











• Once learners have confirmed that the Minecraft block 
contains oxygen, they should add the block to one of 
the picture frames (B3) (B4) (B6)  
(IBL- learners start with the unknown and through 
problem-solving and discovery, they can choose correct 
blocks) 
• Fill frames (competition) (B6)  
 
Teacher activities  
 
• Remind learners to visit 
https://www.bbc.co.uk/bitesize/guides/zqrxsbk/revision/1   
(direct instruction) 
• Observe and facilitate while learners use the material 
reducer (informal assessment & remediation) 
• Initiate a competition to see who can fill all their frames 






Table 4: lesson 4 
4. Subject: Natural Sciences (Structures, models and molecules) 
Date:  




• Atoms and elements can be represented in several ways, 
including ball and stick models and chemical formula 
• Different representations are useful for different situations  
• Chemical formula (K) 
• Element (K) 
• Creativity (S) 
• Critical thinking (S)  





• https://www.bbc.co.uk/bitesize/guides/zqrxsbk/revision/1  
• http://www.compoundchem.com/2014/05/22/typesofisomerism/ 
• Support world https://aka.ms/MEEChemistryLessons  
 
• Chemical formula provide information about how many atoms of an 
element are in a molecule 
• Structures provide information about how the atoms are arranged in 
space and how they bond to each other 
• Isomers are molecules that have the same formula but different 
structures 
Activities 
Pedagogy: IBL  
Observed constructs (informal assessment) 
Learner activities (group) 
• Create molecular models using Molcraft (DGBL)  
(IB)- learners are tasked with a problem/ challenge, but in 
order to solve the problem they need to figure out how Molcraft 
• Create simple structures to represent atoms of a particular element 
using, for example, coloured wool (DGBL) (B6) 
• Create molecular models of compounds containing just carbon and 

















works and use conventional colours when creating the 
compounds in order to reach goals.  
 
Teacher activities  
• Show video of how Molcraft is used within Minecraft  
https://youtu.be/q-5H9M-drSM (demonstration) 






Table 5: lesson 5 
5. Subject: Natural Sciences (Properties of matter) 
Date:  




• Differentiate between elements, 
molecules, compounds, & mixtures 
• Create mixtures that can then react 
• Identify when a chemical reaction has 
occurred and what elements, molecules 
or compounds were involved 
• Create compounds which have properties 
that are different from their constituent 
parts 
• Element, compound, mixture, chemical reaction (K) 
• Recall (S) 
• Collaboration (S) 
• Critical thinking (S) 
• Communication (S) 





• Minecraft compound creator (DGBL) 
• Chemical reactions video 
https://youtu.be/7UUnRtwQPlc  
• Support world 
https://aka.ms/MEEChemistryLessons  
• Elements cannot be broken down 
• Molecules consist of at least 2 atoms joined together with a chemical bond 
• Compounds are molecules consisting of atoms of at least two different types of 
elements joined with chemical bonds 






• Mixtures can be separated with a physical process. 
• Something might cause a mixture to react to form new compounds and molecules. 
 
Activities 
Pedagogy: IBL and reflection 
Observed constructs (informal assessments) 
Learner activities 
• Use the compound creator to see what 
molecules they can make (DGBL) (B4) 
(B6) 
• Discuss whether chemical reactions 
occur when the new items are used, and 
which parts react (reflection) (B2) (B4) 
Teacher activities 
• Play video (demonstration) 
https://youtu.be/7UUnRtwQPlc  
• Discuss day to day chemical reaction 
(learners take the lead) (classroom 
discussion) 
• Facilitate while learners use Minecraft to 
learn about molecules, mixtures and 
chemical reactions (walk around and 
interact with learners while they play to 
get a sense of their understanding) 
• Recognise and give examples of elements, compounds, molecules and mixtures 
(B1) 
• Use Minecraft to provide examples of chemical reactions (DGBL) (IBL) (B2) 
• Be able to recognise the difference between a chemical and physical reaction 
(Reflection) (B2) (B5) 
Definitions 
Definitions associated with the lessons 
Atom: the smallest unit that make up an element (Bester, Clacherty, Cowa, Doubell, 
Joannides, Lombard, Nkosi, Paarman, Padayachee, Sadie, Schreuder, Slamang & Ungerer, 
2013:246). 
Element: a substance made up of the same type of atoms (Bester et al., 2013:72). 
Molecule: two or more substances that are chemically bonded together (Bester et al., 
2013:81). 
Compound: a pure substance formed by a chemical reaction between two or more different 
elements (Bester et al., 2013:83). 
Chemical reaction: chemical reactions take place when two or more substances react to 
form new substances (Bester et al., 2013:246). 
Proton: positively charged particles found in the nucleus of an atom (Bester et al., 2013:76). 
Electron: negatively charged particles spinning around the nucleus of an atom (Bester et al., 
2013:76). 
Neutron: neutral particles found in the nucleus of an atom (Bester et al., 2013:76). 
Nucleus: central region of an atom consisting of protons and neutrons (Bester et al., 
2013:76). 
Atomic number: the number of protons in the nucleus, this number identifies the element. 
No two elements have the same atomic number (Bester et al., 2013:77). 





Date:        Place:    
 
Main Questions 
1. What was your experience of using Minecraft when learning atomic structure in 
Natural Sciences? 
2. Based on your experience, how do you think we can use Minecraft in Natural 
Sciences? 
Sub-questions: 
What was your experience… 
1. of using Minecraft to build different atoms or molecules?    
2. of the arrangement of elements, when building a table of elements? 
3. of using the periodic table in your textbook versus the one on Minecraft? 





APPENDIX E: INTERVIEW TRANSCRIPTS 
Date: 28 August 2020      Time: 09:45 
Venue: Boksburg       Group: Can play 
 
Codes:  
• Bold − Interviewer 
• PF −  Participant who is familiar Minecraft 
• PU − Participant who is unfamiliar with Minecraft 
• PP − partial-participant, but part of the class  
How often do you play Minecraft and how would you rate yourself?  1 
PPF 1: 3-4 times a week. Expert.  2 
PF 2: Very frequently, like almost every day. I would say that I am a Pro. 3 
PPF 2: Twice a week if I do not have homework. Good, but not that good. 4 
PF 1: Once every 2 days, I would say I am an average player coz I still get jump 5 
scared by creepers (giggles). 6 
PF 5: I play when I am free, I am good at playing. 7 
PPF 3: I play a lot, but only at night coz that’s when you can feel the game. 8 
Tell me more about “feeling the game” 9 
PPF 3: Coz you play at night and it is dark, so you play with creepers and you turn 10 
around like oomph (slams fist in hand and giggles) and you get scared and you just 11 
look around your room and you’re like Ya. It’s just that feeling like you’re in the 12 
game. 13 
So, what would say about using Minecraft during the day at school? 14 
PPF 3: It’s fine. During the day is like a time to learn and I feel like doing the periodic 15 
table and all that on Minecraft gives me more information.  16 
Interviewer: Tell me more about your experience of using Minecraft to learn 17 
Natural Sciences. 18 
Commented [MN[-CAPPP1]: Engaging 
Commented [MN[-CAPPP2]: Engaging 
 
Commented [MN[-CAPPP3]: Intrinsic motivation 
2 
 
PPF 1: I enjoyed going to the IT lab and we put all the elements in the table, and it 19 
became another element mam. 20 
PPF 3: I found it like easier to understand like how many molecules and stuff like 21 
that go into the atoms, like when you put the thing on the circles, yeah, I found it 22 
easier to understand mam. 23 
PF 1: Mam, I found it easier to see the molecules instead of like reading it mam. 24 
PF 2: Mam I thought Minecraft gave us a new perspective on how we can see atoms 25 
and molecules and know how to identify them using them Minecraft. 26 
Interviewer: You guys have mentioned that Minecraft made it easier, tell me 27 
more about that please. 28 
PPF 3: Uhm instead of like the writing form, like the pictures that it showed and the 29 
different colours it really like showed you how to do it and explained even more 30 
with the colours. 31 
PF 1: Mam I found it easier to actually see the nucleus and how the electrons go 32 
around it instead of reading it. 33 
PPF 1, you said you enjoyed going to the IT lab- 34 
PPF 1: When we had to build the periodic table, we had to put all of the uhm non-35 
metals, metals and semi metals, like the He’s and oxygens. It was very interesting 36 
mam coz you would divide them into their different colour’s mam so that would be 37 
more exciting.  38 
You have mentioned colour, what is it about colour? 39 
PPF 3: Colour makes it easier 40 
PPF 1: Yes, you know the yellow is for non-metals, green for semi-metals and the 41 
reddish colour is for metals. 42 
PPF 2: colour gives more detail and makes it better to understand. 43 
PF 5: It was easier and fun! 44 
What was fun about the activity? 45 
Commented [MN[-CAPPP4]: Fun 
Commented [MN[-CAPPP5]: Minecraft makes science 
easier 
Commented [MN[-CAPPP6]: Minecraft makes science 
easier 
Commented [MN[-CAPPP7]: Better to visualise the 
molecules on Minecraft than reading 
Commented [MN[-CAPPP8]: Minecraft gives a new 
perspective 
Commented [MN[-CAPPP9]: Writing not preferred 
Commented [MN[-CAPPP10]: Prefer colour and visual 
aids 
Commented [MN[-CAPPP11]: Enjoyed 
Commented [MN[-CAPPP12]: Fun 
Commented [MN[-CAPPP13]: The use of colour and 
visual aids makes learning easier 
Commented [MN[-CAPPP14]: Colour gives detail 
therefore better understanding 
Commented [MN[-CAPPP15]: Minecraft makes science 
easier and fun 
3 
 
PF 5: We could make the periodic table by ourselves. 46 
Tell me more about your experience of playing the elements game card: 47 
PF 1: I am quite competitive mam, so when we started the game it made me think 48 
more about everything that we learned mam 49 
PPF 1: I enjoyed it mam, coz I don’t like losing and that’s why I tried to answer when 50 
questions were asked.  51 
PF 2: I thought, like it gave us more information about the elements and the periodic 52 
table, to understand how to locate where they are on the periodic table using groups 53 
and periods.  54 
PF 5: It made it easier for us to identify where the element is on the periodic table 55 
and how many protons, electrons and neutrons it has. 56 
Okay, so now we are going to discuss the different things that you built on 57 
Minecraft, tell me more about those. 58 
PF 5: I built the periodic table 59 
Why is it that that is one you chose to mention? 60 
PF 5: It was the easiest to build. 61 
PPF 3: I built a house, with a pool at the back and a furnace as well, to make metals 62 
and to cook as well.  63 
Why did you choose to build a house? 64 
PPF 3: That’s what I think you need in Minecraft to survive especially when playing 65 
on survival mode. You need a house to protect you from other creatures that are out 66 
there and yeah. 67 
You mentioned that you wanted to make metals, tell me more about this. 68 
PPF 3: Yes, using the furnace. You see you get coal from mining and iron ore then 69 
you smelt it and it becomes “a metal inlet”. 70 
PF 2: I made a mineshaft to go underground and mine minerals such as coal, iron, 71 
gold and diamonds.  72 
Commented [MN[-CAPPP16]: Games lead to enjoyment 
Commented [MN[-CAPPP17]: Games give more 
information 
Commented [MN[-CAPPP18]: Games make science 
easier 
Commented [MN[-CAPPP19]: Critical thinking 
4 
 
Why would you mine those minerals specifically? 73 
PF 2: I wanted to mine the minerals then go back up and find the table to break up 74 
the molecules and see what’s inside.  75 
PF 1: I built the periodic table, because I liked how they use different colours to 76 
represent the different types of elements. 77 
Just going back to the mention of colour, the periodic table in your textbook is 78 
colour coded, so what was different about the periodic table in Minecraft vs the 79 
one in the textbook? 80 
PF 5: Because it’s a game. 81 
PPF 3: Since it is on the game it is more interesting. 82 
There was an activity where you had to use Molcraft to build different 83 
compounds, tell me more about your experience with that activity. 84 
PF 5: Mam I couldn’t make the things round. 85 
Which things? 86 
PF 5: The uhm, Atoms. I couldn’t make them round, because Minecraft has blocks. 87 
PF 2: Interesting but hard, because Minecraft has blocks and no circles. 88 
How do you think we can use Minecraft to learn NS? 89 
PF 2: I think Minecraft would help teachers teach better coz Minecraft provides 90 
visual aids, like the periodic table on Minecraft, so it would help students understand 91 
the periodic table better. There’s other features on Minecraft like redstone. 92 
Redstone works in circuits. 93 
PF 1: Mam, uhm, I think we can use Minecraft to teach to build elements. The kids 94 
would have to find out like, how many subatomic particles should be in the nucleus. 95 
You can also build an element then the kids would have to try and guess what 96 
element you built. 97 
PPF 1: I would say like mam, for example you could build like, what we built then 98 
figure out if it is a mixture, compound or I forgot the other one. Or you could build 99 
the inside of the atom, then you put protons and neutrons and you like put a circle 100 
Commented [MN[-CAPPP20]: Discovery learning or 
exploration 
Commented [MN[-CAPPP21]: Visual aids and colour 
liked 
Commented [MN[-CAPPP22]: Games= interesting 
Commented [MN[-CAPPP23]: Certain features of 
Minecraft difficult 
Commented [MN[-CAPPP24]: Minecraft can lead to 
better teaching 
Commented [MN[-CAPPP25]: Visual aids on Minecraft 
lead to better understanding 
5 
 
around it and then put the electrons and ask the class how many subatomic particles 101 
you can see. Ya mam.  102 
PPF 2: I think it would be easier if for one lesson you gave the kids to play on survival 103 
mode and find elements and collect all the things, they need to build houses and so 104 
forth. 105 
So, you have mentioned that Minecraft is more interesting, what about 106 
traditional learning? 107 
PPF 3: It is also interesting but, I am not saying I would do it but most uhm students 108 
would not sleep while the teacher is explaining. When they are playing a game, they 109 
won’t sleep coz they are also interacting (giggles). 110 
Have you played around with Minecraft Edu while you were home, what did you 111 
do specifically? 112 
PPF 2: I tried it. I was looking for bow and arrow to hunt and eat (giggles). 113 
What were you looking to hunt and why? 114 
PPF 2: A cow. Then I was gonna go digging to find bricks so that I can build a tree 115 
house. 116 
Why a tree house? 117 
PPF 2: I found that it is safer when there are creepers coz creepers like blowing 118 
things up mam. Good for safety in survival mode. 119 
What else can you say about using Minecraft to learn NS? 120 
PF 1: I found that when I play on survival mode, it’s like energy mam. It reminded 121 
me of that, yeah. You have to kill something and eat it, so that you get energy mam.  122 
Please elaborate more on that. 123 
PF 1: Uhm, coz if I didn’t eat in a while in the game, I would get hungry, so that 124 
reminded me that us as humans, we need to eat to get like energy.  125 
PPF 3: When I was playing it reminded me of how life actually is and like cycles and 126 
all that mam. Minecraft is nice coz its not like all of those games where you get like 127 
wood from just hitting trees or food from just going grocery shopping. You have to 128 
Commented [MN[-CAPPP26]: Thrilling 
Commented [MN[-CAPPP27]: Intrinsic motivation 
Commented [MN[-CAPPP28]: Traditional methods 
boring 
Commented [MN[-CAPPP29]: Games are interactive and 
engaging 
Commented [MN[-CAPPP30]: Games teach surval skills  




do it for yourself, like create things. You can only move forward if you create 129 
something. It’s a game that has non-stop cycles. Like the life cycle, where you kill, 130 
cook, get energy and get killed.  131 
You have mentioned how you were reminded of other lessons, so how can we 132 
use Minecraft to learn about other topics? 133 
PPF 2: We can use it to learn the chain thingy uhm, food chains.  134 
How would we use it to learn about food chains? 135 
PPF 2: Like how, we need food from another animal to survive and all. 136 
PPF 1: We can use Minecraft to learn Math 137 
PPF 3: We can learn about the water cycle, life cycles, like how other animals survive 138 
and so on or to make a farm. Using hay to attract different animals to your farm.  139 
PF 1: Minecraft can be used to demonstrate gravitational pull, like if you put water 140 
down it will fall down or if you take a sand block and throw it up it will fall down. It 141 
would help make younger kids understand better.  142 
PF 4: Teach circuits using Minecraft, torches, electricity and buzzer or make 143 
elevators. 144 
So, I saw you using redstone, what was the reason behind that? 145 
PF 4: I found out that redstone has electric charge in it, so I used wires and 146 
connected them to the bulb and switch on the torch. 147 
Date: 28 August        Time: 10:40 
         Group: Cannot play 
Tell me more about your experience in using Minecraft in learning NS? 148 
PU 6: Using Minecraft NS, I don’t get bored and I enjoy playing Minecraft. 149 
PU 9: My experience is that it’s not boring but it’s a fun class for us to learn about 150 
like the periodic table in many different ways, rather than learning about it from a 151 
book.  152 
Why do you mean by the statement: “fun learning NS on Minecraft”? 153 
Commented [MN[-CAPPP32]: Minecraft can be used 
learn mathematics 
Commented [MN[-CAPPP33]: Critical thinking 
Commented [MN[-CAPPP34]: Traditional methods 
boring 
Commented [MN[-CAPPP35]: Minecraft leads to 
enjoyment 
Commented [MN[-CAPPP36]: Minecraft is fun 
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PU 9: Coz like it’s a game and you can move around and do different things and 154 
also learn about NS. 155 
PU 10: Mam I don’t want to lie, I didn’t enjoy it mam, because I don’t understand 156 
the game, so it made it more difficult for me trying to understand the game and 157 
understanding NS at the same time. The game is complicated as is. 158 
PPU 4: I was focused on the game mam. I was focused on learning the game rather 159 
than NS. 160 
What do you mean by saying you were focused on the game? 161 
PPU 4: I was learning it because I’m not used to it.  162 
What was your experience of building the periodic table on Minecraft? 163 
PU 10: When it comes to that I really enjoyed it, coz you’re learning every element 164 
off by head but using a game. That was like the best part of the game mam.  165 
Why do you think we can use Minecraft to learn NS? 166 
PPU 5: Mam, I feel coz it’s a game people will focus more, instead of like having to 167 
sit still the whole time listening to a teacher (no offence). 168 
PPU 6: Mam I think it would be a good idea to use Minecraft for NS coz in the stuff 169 
that we did with the elements and compounds I learned that certain particles go in 170 
certain areas of the atom and that you can join elements together and form other 171 
stuff.  172 
What is it that you specifically made or joined? 173 
PPU 6: I built a house 174 
What was the purpose of building a house? 175 
PPU 6: I just wanted to uhm figure out how to do things basically, like building a 176 
periodic table. I used my book while building the periodic table, so it wasn’t bad.  177 
PPU 4: I would say it is easier to learn NS using Minecraft coz it’s like lyrics getting 178 
into your head. Not to study mam (giggles).  179 
Commented [MN[-CAPPP37]: Minecraft not stifling 
Commented [MN[-CAPPP38]: Minecraft not one 
dimensional 
Commented [MN[-CAPPP39]: Did not enjoy Minecraft 
as non-player still trying to learn the game and science at the 
same time 
Commented [MN[-CAPPP40]: Minecraft may take away 
from pedagogical content 
Commented [MN[-CAPPP41]: Not used to game 
mechanisms 
Commented [MN[-CAPPP42]: Fun 
Commented [MN[-CAPPP43]: Building a periodic table= 
best part of the game 
Commented [MN[-CAPPP44]: Can easily recall 
information learned using Minecraft 
Commented [MN[-CAPPP45]: Discovery and exploration 
Commented [MN[-CAPPP46]: Easier to learn science 
using Minecraft 
 
A comparison to music 
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So, guys tell me, how is the periodic table in your book different to the one on 180 
Minecraft? 181 
PU 8: The one in the game makes you more focused, but the one in the book loses 182 
you.  183 
How does it lose you? 184 
PU 8: Coz mam when you’re in the game you focus on a lot of things coz like it’s a 185 
game mam. 186 
PU 9: The book is like, you put the book down then you study and it gets 187 
complicated in your head. 188 
Tell me more about it becoming complicated. 189 
PU 9: Mam if you put a laptop and a book next to each other and both of them 190 
have the periodic table, the laptop will be brighter and you understand better, but 191 
the one in the book is like ‘eehh’.  192 
PU 7: I share the same sentiments. 193 
Any suggestions? 194 
PU 10: Mam if we knew how to play the game it would be better coz us as 195 
teenagers, we enjoy learning and having fun at the same time. Like the about the 196 
subatomic particles using Minecraft would be better and it would uh stick into our 197 
heads better. 198 
 199 
Commented [MN[-CAPPP47]: Games= focus! 
Commented [MN[-CAPPP48]: Games= focus 
Commented [MN[-CAPPP49]: Learning with books is not 
easy 
Commented [MN[-CAPPP50]: Game visually appealing 
and helps you understand better 
Commented [MN[-CAPPP51]: Books = boring 
Commented [MN[-CAPPP52]: It would be better to 
learn the game first without worrying about scientific 
content then = better understanding 
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